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000-2837 (P2000-2837A) 



1 Ul/Xmcib. ]E<t»B«f^«r^-tSm2UVX»G 

2 i: HWB* 1 n^^»G 1 t«f«* 2 u:/XS * 
G 2 t »sS«BI««r«flS £ * * - t * ° -C*«*fT 9 

twiajBi uvx^Gitt. 

g ( y ) = (y 2 /R) / {1+ (1- 

+ C 3 • I y 1 3 + c * • y 
+ C 1Q - y 10 +c 12 - y l2 + 

-7X10- 3 SC 3 i-lX10" e d> 

x„ 

-1< K <1 (2) 

[§»#3i3] |WB!Bl^X»Glt»«>IWa»ll'>' 

0 . 8 Si I f 1 I / ( f w • f t ) 1/2 
= t 1 7SS3 

-f 1 «|wiE«t«5fii£ft X-A u vX 0 

[«#>s s ] me* *>fc£8§«* f i 

0. ig| f 1 |/f2S0. 95 (5) 
©*«:«(|J6i-6rfc*»»i:i'«**« l7iS40V ' 

-f ix*> i ^iwia^wjas^x-^ wvx„ 

WHS* 2 uvX»tt»G2F»****l-»^'C»«' S * 
•T SHI** 1 5 wTtifr 1 *- 

lit** 7 1 jSft»^»«^*fc ! t** KL * i,t 6iwa 

35 2 u vX»^G2F©*MMM»* 0 w i: U S5a*-C* 

6W5f**Mtt Utit, 
0< | /J w M t/0 t I < 1 

[gj}#Ig 8 ] MRS 2 W V*»W*G2F»i. EV^Ofc 



fcS (y) tU S?p(D*^^trRtU 



lIScl] 

k • y 2 /R 2 ) 1/2 > 
* +Ce • y B +Cs • y' 



C 14 



*+Cie • y 1 



(a) 



1 . 3 5 I fasp l/fwS4 (3) 
IBifeO jg J£ft X- A V V X„ 

fcU jSA»KJ3tt6X-AH'X^»o*jR«ift« 

f t t Lfcit, 
< 1. 5 (4) 

1SWa»5 2UXX»«»G2R»±. Sft©E^Xtftuy 

^igtfci-58**«6*fc»7lC|B«»®i£^X--6> U 

0. 58<dp/fw<3 (7) 
/E^ X— A WX„ 

vX^Lii*fct±t9l2?B2 uyX0Li2Cli, *w 
o^-a-i»uvX^*ix, 

jxW^X. 

ili/yX8Glt> j£(D®^* ; S""t"3m2 u^XS 
2 t Offl«IB«*«K * * ^ r fc K <t o XgfeZ'rt 



( 3 ) 



2 0 0 0-2 8 3 7 (P 2 0 0 0- 2 8 3 7 A) 



6 r £ X o TSE^^O-frA *frV \ 

#L13i**U 

u>-X#«»G2Rf± x ttfrfl^^lUHlw. jE£*l 

flfrf2^2 u-^X»atr»G2F<O^EKS: f 2Ft u Jk^ 
W::fc*+*X-AU^X£3Ro«l£e*4: fwtlfc^ 

-0. 5^ (r c + r b) / (r c 

<d an* srsus-r z^tzmmh-rz hi*s 1 i*fc«ti 

2 KEtt^rt&5£X-A u yX fl 

IBS 2 u^X»m»G2F^JI6«ffiF** ^wa, 
T^«IPSS^«ffii-*3Jt'5«rfSm2 t^X»j»#G2F 
o*£«feffiF*3r0 t k U a»«-C^*i&ftlH$«MB^43 
JtS»»fflP**Mt k Ufcfct* 
0< I 0 w • Mt//3 t I < 1 (11) 

o^Ttb^ 1 «tria«^rt«E5SX- a i/yx, 

5] meiBi i/yxnG 1 *OHfrism2 u 

^Xj5ft^L12^|ft«|OffiOft^«IS: ratU HfJfEfg 
1 U^X»G 1 *Oi!frfEfg3 U>-X/S#L13<&4Mfrffll<7> 
ffi^ft^^Srr b t 
0. 8<ra/rb<3 (12) 
^ft«=*»J£t5r k*W&k-tZ>n$&%l 1M14 
<D^-rtlfr 1 W-f2«fc<ai*)&5£X— A \sl/X 0 

yX/&#LRm. f^jEuyX^ RffitOEuyX 

SX-^ix^x^^jft^EK* fwtLfci#, 
0. 58<dp/fw<3 (13) 
^*fl=«r»J£-*-6C:fc«:#*fc-r*»**l 175115 
o^-Ttt^ 1 3Kl£«E<ft£>rt&5CX— A i^X 0 
IlfcWi 7] tfrta^2 u>x««r«G2Ff4. evmc 

HtJiE!fl2 l^^X|¥«#G2R*^«HEU^Xfi8^LRni, 

ffft^E^^xtiiu^xi^as?)^*^^*^^ 

^112^2 U-VX*«»G2R*OlWEU>Xj«^LR2tt. 

fiyyX^jEi/yXioK^^^ft^iEi/y 



2 . 8 ^ f 2FX f w ^ 8 ( 8 ) 

js-t e r fc * mm* t -r e rt^x- a u >- 

x c 

[«l*«i 2] «he*i u>>xmG i <Dm&3£MZ f 
l £ U «»JS-fr«tttBl2:^»t5*2 uyXiG2^)I 
f 2£ 

0. 1 < | fl |/f 2^0. 95 (9) 

oftfl=*»JEr-6ii:*»«fcrSBI*3Sl lKB**) 
rtl*X-Ai/yX 8 
[flt*« 1 3 ] ffimm 1 U^X»G 1 +<£>«flElg 3 U 
>-X^L130i»frfflOffi^tt*^S: rba, MIS 
13 U^Xj«^L13<D|fefflj60ffi<^ft**€l«: r c k Ufc 

r b ) < 1 (10) 

i s ] ftiimm i u^x»g i +^HtrfEm 1 u 

^Xrit^Lll*fcf4WIB!B2 U>-X/£#L12Mte. 

< k t> 1 Bii«>#3KlB****t-Cl>« £ k ZW&k-tzm 

#«1 17511 7^^-r^^lWclB^rt^X-A 

u>-x 0 

[flMWi 9] WffiJBi i/yXSGi«f<oiE*i u 
^Xj*5>Lll*^:ttfflrE«2 uyX/&#L12lCtt. *u 
vXijEU^XtOWU *S^*< Hlo 

>'XofflSf* < tt) 1 t>*#<. 5-OfltflBft^^X^Tix^ 

•r58»*3Sl 17511 8^v^tt^l*^«a*^rt«RS: 
X-AuyX 0 

[0 0 0 1] 

X x ^J;^5feff^^ffi«&#^rt|R5«X--Auv 

x^s-ret^-efcSo 

[0 0 0 2] 

:^X3¥c>](SWft*5* U^^^jC&^X— Ai/yXdiM 
SIseSixTV^^ ft«ftioo° *jB^SJ:5ftffl 
<0««fc# A<-1-5itaKfc X — A u ^X*>«Rtt* 
*ftv\ «?BS¥4- 1 5 6 1 2*^*^tt % ^ 

^111^112. 7° F-t-v^— 3. 5(DPM 

3^»j*(Ojaii:ftX-Auvx^sigsttri/> 

[0 0 0 3] #38K^lRl-OttiRA^fflKi:^ 
6W^S¥4-2 3 5 5 1 4^^*5j;t^#P¥4- 2 3 

551 s^«^fi. mxmn m. 2 0 f 

■^^-4. l©p«t#U »l. 6^oo^«ii:^^r 



T 



( 4 ) 



6 0 £<bl-s #3£93£IrJ— <DmmA<otiimi~frfrZ>¥fWl 
?9-17U3 9fMi3J:WW9-l 7 114 

4. KDP^tU 1^)1. 7 5^(D^fgit:^^-r5> 

2 mmf&nmfcft x— ^ u ^x^ttgi $ ^tx ^ 5 C 
[0004] A^ffM (mhm»w<Dm 1 i^x 

ft7>ib, i>b^5ii^X-Ai/yX(D^ ^m$tt) 

SP^^^cOiS^X— A U>X^^ttX^7t 0 
[0 0 0 5] *fc-;fr-ett. ttfcjHJtaWS**'*--*- 

* h — -^^^<OflEix^:U^XSlj**5 it^l/yX^ 
>r^s^tbXt>fc 0 r<^J:5**«=«r«J£"rs^tt. 
/M^Ei/yXSt$>$»2 uyxn^sit, **>ffir 

2^M<7)X-AlyyX^tIX^ 9 . r. (7)^(7) x— A 
U^X^o^X^^^ii^^^^ttXl/^o 
S^X-Al/^Xi: It, *< tt^HBB 6 0-5 5 3 1 

7c. §^tr/J>^k:^rii«)fc:r.^ffi<DX— Ai/^Xi: U 
X. «M¥8 - 3 2 7 9 0 7f^*^JB^S^fcX-^ 

i/yX^f)ixxi/^ 0 

[0 0 0 6] £7c, #H¥5-1 7 3 0 7 0^#C 
f* x AlE*iE<z>4«f«j«ofB2 u-vX#*:#«U*tf>- 
9i(^) i/yX8^1$*T^ISrff 5 *SoX-A 
X^^^ttXl^o £ fcJw. - 2 4 8 3 1 2 

-B-^flL #M¥8-30 4 704tM, iSjilMMIW 
8-248314 ^«JCfi. ^jEjECO 3 2 

£ ItX^MZft b *5SWX— J* 1/yXAi^ $ 
Tt^o £/c. i R-(OttliAoaiIi:^^6«F 

HH¥9- 1 7 113 9^i^ir;W9-l 7 11 

^^^.ttxv^o 

[0 0 0 7] 



W2 0 00-2 8 3 7 (p 2000-2837 A) 
X-Ai/yXtHaU5tt6t, zS^fll^W^*j» 

*s j: t/a»ffl!io i^tt-r z> mtiL&<DmjEtfi mm 

[0 0 0 8] #l§^4- 15 6 1 2^«{CfE*Stt/t 

X-Ai/yXliio^tft AH»r*^jBl w-^X#tf^ 
0 0° £riffi;t6«£ W^X^j&e^X-^l^ 

[0 0 0 9] Ufc^oX. W¥4-l 5 6 1 2 

uvX^gWL T>i^X«M^#^g:^bSrffl< ?>x\ 
i\ cO«t5l^ »JB¥4-156 12»^«I^^ 
agf»*fb, /hS^Ji^iStttBft^M^^x^So 

[0 0 10] £7c. #Hfl¥4-2 3 5 5 1 4*^«*3J: 
Ut^gfl5p4_ 2 3 5 5 1 5^W!lH^SttTV^6X— 
AU^XtCjB^Xf*. ft^M^l 1 2° ^SLn 11^ 

yx (ftwfl^uyx) m**ffi*iffiBfi:Jtx, £ 
S&i:, «H¥9-i7ll39^*i3J:(;» 

mw-9- 17114 ofMt?n, ttmft'bmxmmte 

2#«/*tt:J:0. M^^^X-Ai/yXmi 

ik&m*tix^z> 0 

[0011] -&«^5t^BBr 61»HB 60-55 

3 1 0^#$5J:a^¥8-3 2 7 9 0 7^^^ 
/T$tlT^6X-i.yyX{l S^M^2(d = 6 4 0 
-8 5° Sff*/>§<. r*LP>^*^5fiO»**5ct^ 

f&^S:5i«>'5C^ttBlt-C*>'5o ^7c. rttb^«t^ 
^X-Ai/yXfi, 3fe^ttli«Jt-t8SJ£X*#StO 

[0 0 12] i/":, #H^5- 1 7 3 0 7 0 



( 5 ) 



iz&m-tz>tt<D&mx-& i^xasM*s*tT^s« 

[0 0 13] #Hf!¥8-2 4 8 3 1 2 -B^*. 

4#^¥8-3 0 4 7 0 4tM*5j;(;^?8-2 4 8 
3 1 4^«i:H^^tt>$X-Ai/yX{iM^ 

[0 0 14] #i¥9- 17 113 9-g-^«*5j: 

7 114 O^^M^StbT^SX— 

= ioo° S:St5MAX-A i/yXTfc5, b^u 

S (y) = (y 2 /R) / {1+ (1 
+ C 3 • I y I 3 +C 4 • 
+ Cio • y 10 +Ci 2 • y 12 

0>##e*t-*»s*u K**ffi* (a) ic^ttsmia 

-7X10" 3 ^C 3 ^-1X10" 6 (1) 
[0 0 17] JRU8W<o#4Uv^«8*lcj:^f<, fflfE^ 

(a) ^*3»teBwan»»*ictt. 

- 1< K < 1 (2) 

o^Srwa-rSc £/c, Miami i/yx»G i *^tfr 

15*1 t^X/£#Lllte, *3*ffiftu^XSr^TU MIS 
mi U^X^Lll^^WSa^ffiU^XiOM^BEaiS: 
fas P 4:U jK*«^*3»t*X-AU^X±»<Dj|RjftlE« 

1 . 3 £ | f asp | / f w £ 4 ( 3 ) 

[0 0 18] *Jg|fl^S2»?Bm 

WSt-. ftcoi^^ttssi uyxic i 4:, e^i 

«***r*»2t^X«te2 4:*ffli;t* saiESBlu-v 
X»G 1 <hStflEm2 U^X^G 2 fc(OS««HI«:»bS 



^12000-2837 (P2000-2837A) 

[0 0 15] *»9Btt. W3*^HW«C«{^T*Sttfct> 
^■CfcO. ft*BW***l 0 0° «riH^«jfi/£:A«««:^ 

S!-C*ttlBftjlBit<|X— A i/yXiSfttS £ 4: £ @ W 
4:-f5 0 Sfc, M4^XSf^J:tJ«Mt^ 

5 fiiSft ««* X; /<- U . JttSsW* # i ^ P ffitb*3 J: tf* 
fflPI*S:#i-5. /J^a-eKtttB*rt«*X-AU^XS:ii 
tti-6r.4:£g&tj4:i-£o 

[0016] 

2i/yx»G2tS:i^ «tejbi U'^xwgi nutria 

S2 i/yXSG2 4:^2g«PfllWS:^kS^:5r. 4rtcJ:o 
T^fg£fT5X-^U^Xt£:fc^T, tMESSl u^X# 
Gilt ttfrW^feW^, d^ft< fct>itto**ffiu^ 
XSr^^frt ITft^i^lrtt^il ^X«» 
L114:. 2 i/yX^L12i:, jE 

<ommt)*m'rz>mz uyx^Ln^^tu 

SKtofrftOiBSSry 4: U «5Sy^*3»t^**ffi^ffl 

S) £S (y) t U S*^ftWi^R^U Rllfll 
Sft*:ic4:U n*^*ffi«»SrCn 4ri"6 4:#. *triB 

mi ^^xjs^Lii*<Dflfria**ffiu^x^3«ffifi % 
[i^2] 

k * y 2 / R 2 ) 1/2 } 

y 4 +C 6 • y e +C 8 • y 8 

+ C14 • y 14 +C 16 • y 16 (a) 

*<5r ^laotffg^fT^X-AuyXCM^, Sfr 
IE»2U^Xi¥G2tt. «ft:fiB^?>l«fc, l2uyXH 
W#G2Ft, JS2 u^X#«8*G2R4:«:WU mTiam 2 
U^X»ffl»G2F<^**3t«J-»or»ftS*S^4:^ 
J:oTfiEJ»«*^-&JIRSrm\ flMBSS 1 i^XISg 

a^Liii, A^H»f*«:fi-re*2 u^x*^li2 

4:, ]E<Z)JBSr*S:«"r6IB3 u^X*5)-Ll3t«:*U 
WIB*2 U^X»«»G2Rf±, «M*4ia>bJI(lC % jE*fc 
f±A OJB*r* ^^Xrt^LRl 4:. IEtf)H#T*£ 
#^5U^X/£#LR24:&4>ft< 4:fc#U ffimm2u 
^X*«ir»G2F<Oj»^BB«tS: f 2F4: U it**fc*3»t« 
X — A u ^X£3R*>ft*E««: f w 4: Lfc 4: # , 
2. 8 £ f 2F/ f w £ 8 ( 8 ) 

<D&i**m&-rz> z t Sr«F»4r-rert^X-A i/yX 

[0019] jB2»w^>#*u^ift«J-J:tttfs ifflKfs 

1 ui/Xmo 1 oftAEKS: f 1 t U S&KiS^&lKffi 



( 6 ) 
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0. 1^| fl |/f 2<0. 95 (9) 
n&ft&ffi&'TZo jfcfc. MIB^l l^^X»G l*<Dffi 

-0. 5^ (r c + r b) / (r c 

[0 0 2 0] 

2»x— a i/yXfHS,$ttri^^$)5o wtvf>co 
ftJffi*T*wffS l u>-X1¥g l 4- l 

X = C 2 p 2 + C 4 p 4 +c« p e 

4fc— jttttfcf*. ^(o^: ( c ) -e*stt5o 

X= p 2 • (1X2 r) + C 4 p 4 
[0 0 2 3] ^M^t^l>Tt>. ffi»ft«*>##ffi«»r 

X=p 2 • (1/2 r) + C 3 p 3 

+ Ca p e + ■ ' • • 

[0 0 2 5] b/c/^oT. W^.«2»c<D3*ffilRII**ai 

t6t, iUT^^: (e) t^i~J:5t-^So 

A Yk = { 3 • (n* ' • Uk ' 
x {2 (i=l— k) (m ' - 
r r T% A Yte2&0*fcffilfc^£:. nf±©tJr^£:. u 

httAftflS*. Rf*Aa*ffi¥^£^bT^<5 0 £ 
fc. Z(i=l~k)Jis i=l ?^<bi=k l£X<n%m&&'to 
[0 0 2 6] Ifc^ot, 3&<^3fcffiifc^A&Kiih<7) 

4 mizttm tto a*«¥«r ^ 3 mitten- 6<a K*r 
m*&R<D2mzttm-rz>o if^ot, 3^ (3& 



mms i^vXj«»L13<0«J«:fll<0ffiOft*^S: r b £ 

c £ bfc£#, 
- r b) ^1 (10) 

[0 0 2 1] CCt% ##ffifcifc£ttjEfc<0H«. 
flHft*9[o**ffi«» 4: iR«E*l jE t <D mm Co v > xMWi 

b^^^. ^ttCfn v oTXtt^^bfcii:^^ (X, 
Y, Z) p=/" (Y 2 h-z 2 ) -e*^.^tfw 

[0022] uyxs (JBSf©) dSp^fflSfeSc^ST-aS 

(b) X^^tt5o 



(b) 



+ C 6 p 6 + * • • ' (c) 

[0024] r rx% mw^^tmmmm^n^-r 

Zimmz (c) tz:3?fc35*5J:t/5»c«iP^.5^, &<n 
(d) *s»6tt5o 

Iifc3] 

+ C 4 p 4 + C 6 p 6 

(d) 

nssu] 

) - 1 } 

-ni ) C 3i • hi 3 } XR 2 (e) 

mxtbZ> 0 «p^fBl»M^J:5lwjBi£AX-Au^X^ 

[0 0 2 7] 4fc. r3^itJi^j:t/^®i|X^oi>r% 



( 7 ) 



«r#A"t-S£fca*fiS Lt/\ 

[0 0 2 8] £JtT* l»W<0ftft*fco^TKW-#- 

(1) *»ja-r* 0 

-7X1 0~ 3 ^C 3 ^-1X10 _0 (1) 

[0 0 2 9] ftfl=5t (1) f±. fii^^Il U^XW 
(a) |!l*3»t« 3*(D^ffi#^:{COtNT^^gSH^ 

«^-rs*fl=S;-c«>Sc *1 WVXfifc^LlltC#AStt 

fc**ffi*»i*«-e»es^fc#»iBa: (a) -ess 
[0030] (1) <o±»|t«:±lil«r:if±, A 

*d\ (1) (D±PSffi^-5 x 1 0" e {c^i--5 

* (1) tf>±PMI£- 1 x 1 0- s fcRj£1-5£, 
[00 3 1] (1) ^TPSffi^rTS^^^ 

ft6::<b£;lc9fci-6 0 £<&TKtt*TII]£ 

ft 9, iS!lJ:iRft*tEttllBdS«Mk-rSiie*^ft6o 4*3. 
(1) ©TBMtS:-5x 1 O—fcRjfci-Si:. <fc 

(1) <OTPSffi£-l x 1 O-'KRS-r**. #35?U<B 

[0 0 3 2] »l»M«2:*3^Tfi, £*T<0*fl=5fc 

(2) ^Mf6ii^U\ 
- 1< k < 1 (2) 

^Ct% Kfi. ^1 U^-X^^Lll*^^® I^^X(7) 

(a) ^*3*t-5n««J»-e*>So 

[0 0 3 3] jfef|=5t (2) fl % mi l^X»Gl«t><0# 



1ffl2 00 0-2 8 3 7 (P2000-2837A) 
1 U^Xfig^Llltc«ALfc*3*ffi?:^r^: (a) |c*5 

«tsnit«»ic i^o^riifflfttfiHtaft^* awa-e 

£>6o mi u^Xrt»Lll^*AS*tfc**an^JBl«5 
WT-ffi^Sftfc^JSfcffi* (a) T'^m$ttfc^#, 3«J 
ft1S^fia^*^c3^^p^TP3«l«|feic^SrSffi 
t-*wt^<fcoT3EfcA»ftJRJS«jEdSpr«^ft-5 0 m 
1»W<0»£\ (2) Sr»J£i-6J:5^n»»* 

[0 0 3 4] (2) <D±tm*±\B]Z>k. R«fc« 

■r6#«ffifcft9, ttloKftlll09MK0*jE* J3J: 
3^JRJS«)ttiEfc»K»36sa-S<o-C»* U< fti\ ft 
*3x (2) O±|53ffi£0. 8twR^-T6i:, £ <b 

^A»ft«aMte««mBlcft6, Sfc, *fl=5t (2) 

[0 0 3 5] *#5fc (2) (OTKttSrTlHlSt, 

ft 0r^T. «5a«P^**dS*U 
<33^#J*ffi£ft*o *<o*S*. Il»^J:5{^« 

jaia«^co®*f*^a^ 5 s ^«^A#tiS^iS< ft 
9, tiraiS*s*ffl^s^lltt*iB<ft6oi?»*u< 
fti\ ft*3. *«=5£ (2) *>tiwk«:-o. sirR;rr 

Zk* Sfeft^/J^BftSrHa-rs^fc^-C**, 
^ft5£ (2) (^TPSffi^-O. 5{iKt5h *38W 
C fc 60 
[0 0 3 6] *fc, IlMttl/>TH Ill^yX^ 
^Lllj&s^ffifti^X&^U HTO*f« (3) * 

1 . 3^| f asp |/fw^4 ( 3 ) 

rrX% faspf*. mi U^X^Lll + ^JRffiftU^ 
X©«[A®iT?*>6. £fc> fwfl, j£A*l-*5*tSX 
-A u VX^^jS^BBH-cfc-5, 

[0 0 3 7] (3) (2, mi L-^X^Lll + O 

^3*ffi*U^X^l7- (JBWA) ^0^-Cffl«Jft«H 
^S^UTV^^c (3) tf)_tP£ffi£±lU6r t 

/>s<ft6^t*ac*u z<D±f&te.i:±mzk&mm 

^J:5iRSi»n»**s»^i-So-eff*U<ft^ 0 * 
fc, J: 9^*«{^4©t-6^u^X(7)-/N 0 !7--^/^i-5 

»5«*s*:fflft-rso-e»4U<ftif\ ft*3s * 

«=* (3) <D±f>m*3. sicmm-tzk. xv&frK 
&nmiE# ^ft-5 /j%awt ^ ^m-r » c t # -e s 

60 ^Jt> (3) 0±«H«r 3 fciRtf £ . * 

[0 0 3 8] (3) <DTmm*T\B\Z>Zk 

(i> mi U^XjsK^LH*eD*«ffiAU^X^^l7— *s 
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(3) OTRlSrl. 4iz.W!7£TZ>k. aB£»*ic 
Xfc £ b I^BftX— A ix ^X^^rTS - £ ^"C^ 
5o ftf** (3) ©TRittl. 5^K^-T5 

0. 8^|fl|/(fwft) 

£fc, f w*5j;tM t f*. *ti?tifcfit&&£T$W&i& 
^*3lt5X-AU^X^^/SIE«lT-*>So 
[0 0 4 1] ft#5£ (4) te, II U-^X»G 1 CD^t7 

(4) (D«[dUO^#lCi£A«^fcMt6^»4:aat*fc 

fcffipa*j&s-l MHS) ^ftS, ftfl=5t (4) <7>_tpsm£ 
_h(e]5<^ x£^*{r*3^r±Sj6 s **^*»5. Sl^ 
X«G 1 <Ds<7-&m< ft 3t¥3iws*sMtu 

*3. ftft5£ (4) <BJ:BMK:1. 4 l£R5rr<5 fc, £ 

**/>si{b^fc«)^^j-c*>e, *fc* *M*5fc (4) (D 

±PSfit£ 1 . 3 KVtm-t^ t . *3BWO»*«:**l8^ 
[0 0 4 2] — ft#5£ (4) 0>TRRfflte:TIII5£. 

(4) *rFIWt*0. 8 5lcR£i-*&. JR*8*|jE*« J: 
9^Bf-fr<5o ft{*5£ (4) (DTmmZO. 9\C 

[0 0 4 3] JB1*MIJ1*3V^-Cf±, KT<Oft#* 

(5) Zffi&i-ZZb&miZ^o 

0. 1 £ | f 1 I / f 2^0. 9 5 (5) 

2<^^j§i?re£>5o 

[0 0 4 4] (5) ?gl U^X»G 2 

i-^xi¥G2 k<Dmx'mwte'< r 7-'<7>**wu£'rz> 

•9. ^^*ff* (5) srWfi-rs^asssu^. 

[0 0 4 5] ft#^ (5) 0>_hRffi«r±EI5£, SB 2 u 
>-X^G 2 (wtt^Tfg 1 UZ/XmG 1 ?&5pV^<y--C* 



[0 0 3 9] &*3, »l«W^*3l^r, ^*ffiU>-X^ 

dsai: LT3t^rtJ-ffffii"5 r t <DX$ Jfcv^t'fc 
ES6**«ffi ^X^^^ESIf asp £ t5 0 

[0040] *iiBMiw*3^xtt. ^r^)^« 

(4) *»jei-*£*#»*u,\, 

£ 1 . 5 (4) 

^2 I/yX8G24»2 U^X»HffS¥G2F^^2 U^X 
B«»G2Rfcl«MHU *2 U^X«W»G2F«r»«l* 

+&te&mmK»*i:ftzz.t 

46<0T»tU<4v^ o tt*3, (5) GD_LPSffi£ 

o. 8 SfcR*-*-**. mm&)ft*:ZZ<?>M&'&Z>zk 
&*Smx3bZ> 0 0kW^ (5) <a±Rffi&0. 8, 

[0 0 4 6] (5) (DTtm&TmZk. 

mz is>'xmG2\ztt'<xmi uyxsGi»v^ 

5 4rtt6X-A uyX^ 4#i^^ffll^ 

ft#* (5) (7)TPSfii:^0. 2HRSt5t^ J:^ 
AffftiR«*liE«:JBW-6r4:*s-C#». ft{*5£ 

(5) OTPSfit<lr0. 3(C^:^-r6^. **W^»*Sr 

[0 0 4 7] ^fc. »138Wfc*3l^Ttt. aiRR»*^^ 

fi N 12 U^X#G2dSftfl5:«d^jetCjg2 uyXSi 
»G2Fi:»2 U>X«^S¥G2R££^rU ^^121/^ 
X»mj»G2F»t«r»»S-frT-&«*fT*5 0 S*«3 
(c N X-A^yX^WPi^< UJ^o3*®iR^ 
fiCfeti-SKiRSISrfi^MjE-rsfcfe^fi, |2u 
>-X»ffir»G2FdSjE<oJffiSr*S:*-r 5 - ^ *s**J-Cfc 

•rSfcfelCfi, ^2 UVX^Hif^G2F^ x SlMwffltfCL- 
fcjEi/vX^^u^X^^rWT^^ £>6</>tejEu:/X 



[0 0 4 8] fRl^m^^Xn, £XT<Dgzitt 

(6) zmz-tzzttm^ir^o 

0< | /3 w • M t / t | < 1 (6) 
«-C^«l»iS*«tt«^»"t'5JB2 t^X»*T»G2F*> 

[0 0 4 9] ftftft (6) fi. *fci^X»"e*>5#2 
|fe^^(DJtt-ol>Tig§]^teH*^UT^6o JS2 

(6) 12, ^ ^(^»T^SMS^^^iM^ 
[0 0 5 0] (6) <0±K<ffSr±[II-5#*fc L 

^cwi2 i^^x»m»G2F^ie<fcffip**s*u 

f*. MM^Il/yX»tfc5»2 u^X«W»G2F*s 

2 u >-x»w»g2f«>jh r> m ir&om&m u < < * 

[0051] «#*>»g\ :o^i^Kti^ 
ft 9 affr, u^x^tta^swt-r 

60Xr#£ L<ftl\, 12 U^Xl£fitjS¥G2F<£>*£ 

fcfe»t5w-*^*rai^»r5jiS2 i^x»iffl#G2F 

oi!) ttl Lioi^^# < ^6^T*9* t< ft 

^#5* (6) (D±mm&o. 3\z.nj£-tz>k, tsb 
ft5/>a^^«)fc^npj-c«>s« *ft=5t (6) o 

JbKfi&O. 5^. Se>^ff*U<*iO. 3l^t§ 

[0052] miftwi^te^xn, w,2^^xm 

(7) S:MJ£-f S^dSSTir uv\ 

0. 58<dp/f w< 3 (7) 



) 
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[0 0 5 3] gkitt (7) fi. »2 U>X»«#G2R* 
U >X L n 6 J¥(*l £)jE U yX^O+W 

(***l-»ofeHtS) lco^Tig^0ft«SH4r^UT^ 
6 0 (7) OJLPgfif£_h[E]££:, g^l/yXLn 

*«a-t-6J¥«^jE u-^X^+^ff^# < ft V -T€ 
T, ix^X*DX*SH8l^ft-5o-C#^ L< fti\ *fc* 

^Hb<ft5^-C»^U<ftl/> 0 ft*5, (7) 

±PStt^r2. 5I^B£t5i:^ u^X^PXS: J: 9 ^gt- 
fT? 5 0 *ft=3G (7) <7)±PM^2(r 

[0 0 5 4] (7) <&TR<£*TIII5£. 

3<ft0-rsrt\ »^±^=i^iR«EOlijE, $3 T/Mii! 
«T^*®iRMOffliE^S^i-S^T*»^L<ftv> 0 ft 
S3, *#5t (7) eOTR8ffl*l. 0 5^fff6^ iR 
^«IEd5J:t)«S^ft-5o (7) £>±Kfl[ 

[0 0 5 5] Jg2»W<0«*Wft»5S^o^Ttt 

wi-s. #2$Miti\ i*»i:ft.]E2e«««)x-A 

u ^X^ r/Ui^TjHiMMk HaMMt*3 J: tf/h£Mt 

*]E2«W*(OX-Au^X^iaffl-rS^i:*s»fc3»* 
[00 56] ^1 U>-X|$G 1 te, A • A • IE0300 

^>-X^Lii~Li3^^i-^ 0 rtttt. j®j£:ftfa«<7> 

(2(0=100° EA±) **«U *M^T*7 

XpG 1 Ci3^tfWWJf:|^Wr^oi/yX^ 

[0 0 5 7] ^2 l/>-XS¥G2fi x f2 U^Xpffr^G 
2F£fg2 l^X«M£»G2R£ &^TU fg2 UVX^MP 
G2FcO^^© ^ -frT^ &trft 5 o X-A 
i/yX^pi4jc#<t6^ ^t>(^ ^MJR^^fi 

X»ffi»G2Ff4jEOJBW**^i--5r i:3&s^*iJ-C*>6o 

fctUte, ^2 U-^X»M»G2FI*Sl/Mc3ftirLfciEU^ 
Xbfti'l'Xb&m-rZ*^ fcS^ttiEi/yXtfti/y 

x^ coi^ ti ^m^jEu^^m-r z> - <t ^ 

[0 0 5 8] $fc, SB2 U^X»«*G2Rfi, l/>^^>5 



( 10 ) 



^ot, SB2 U^X#«#G2Rfi, I^Xj£#LR1£jE 

^a*r^j^i--5t-^X^LR2^«r/>*< £*>#U 
C^x^<7)U'>'X^LRlioJ:t/LR2lcJ: ± 

xt * i/yxt i/yxt* u^x^5>lri^^ 
U ^<^*«<OiEU'VX^ffl^J: !9 3*fBiR^*3J:tfS 

X^^LRl^^o^"Ci?^!^Eu^X^^l/^Xi:^^ 

[0 0 5 9] JEfcl#*U<tt. U>X/&#LR2^ 

^u^X^JEu^XtcDlA^^^^^-S^jEu^ 

X»G 1 ^^u-^XjER^Lll^^ttL^^a^ffiSr* 

U^Xj*^Lll*fettL12<7?IUIffiffi!ltw*3*ffi**A-r5 

[0 0 6 0] *2^^^«l:o^tIftWt 
-So *2»WIC*3^-Ctt. WT^^W (8) *ffi&-r 

So 

-2. 8 ^ f 2F/f w^8 (8) 
r r X% f 2Ftt, SB 2 U>-Xi¥MI¥G2FOM^SgBlX^ 
So f wli, ^fil^lt5X-Al/yX^(D 

[0 0 6 1] 4kitt (8) f±. f2 l/yX»«f»G2F© 

[0 0 6 2] *#5£ (8) ^±RfflS:±lHl6^^«. » 
2 U>-X«M»G2F<D^Eai^# 

±0 St t it ^ JB2 U^X»«#2Rt05BB 

xu^5c u^XS^Gio/N-y-^itKM^ 

»2 U^X»ffir»G2F<Oj»^l®B^*:# 
</i5i, JSS2 u^X»m»G2FdSjEi^>'X#^»&l2: 

xwimG2FftWttj-r6«p^«*3ft?*«*«>*#^so 



^2 0 0 0-2 8 3 7 (P2000-2837A) 
?#ffil«-»t5*2 uyX8lt»G2F^*t)ttiLi 
5 0 fc*3. *#5fc (8) <7)±PI<E£ 7 KR^-T S £ , J: 

ct#-e#s 0 (s) <D±mm&e. 

#S 0 

[0 0 6 3] (8) cDTIS«*TIeJ*:: £ 

(4. S2 UVX»W*G2F(O^K*ldS/hS<*»), ^ 

dSoT, % l i/yX#G l ©/>'7-dSitllift8< 
4frg\ S2 i^^X»ffi»G2FOj»^IEllldS/hS < &S 

ttfttt4^sft0>f£j:&9. iSft«t**<i'oaanii'e 

/hS<*S 0 z<Dfc&. #±¥ff«oS2 w^x^tfr 

»G2F*3*mrS«FtOiBft* s «««^^»^aoTiR« 
■f 5 «fc 5 5 * ftliS^i^S < U2&-f <S J: 9 

So it^ot, *<4=* (8) (DTmmzTiEizt. & 

fl=* (8) (D±PSffii_LlEl6m^t^^s 
ttffi^*3»t5RI-*^ft:lEltt^*r^6!B2 l/yX»«» 
G2FO*ft9UiLS^^*U<^#<*oTb^9o * 

{*5£ (8) (DTPSffi£3. 0 5lcRmK J:0&V> 
iR«*IjE*3 £tf «fc 5 6 £ £ # 

T*#S 0 3H*5£ (8) <aTRRffi*:3. 2 6{^ 

So 

[0 0 6 4] JR2*Wl2:*3V>rf±, £JLT^*#* 

(9) «mc^^ti/\ 

0. U | f 1 |/f 2^0. 95 (9) 
CCT% f 1«U ffSl l/yX»Gl^MIE«1?fc6, 

f2fl, «IIR38-fr«tt«K-i3»t-5lS2 U^X»G 
2^>^^«T*fcSo 

[0 0 6 5] (9) fit. ^1 U>-X^G 1 £H§2 

i^yX»G2i (D jg^o fe^ 17 — y i^^-T S fc 

(D*#a-e*>5 0 «r*ufct*9, jB2*Mfi«it*x 

— Ai^^X^*iB*j|fS:«36-rst^-e*>«). 

tOMl l^^X»G 1 blEmmt)<Dm2 wyX|fG2^ 

iB9J*/<l7-/<7V^li. *»^fi»ftiRIS^7^^i 

(9) Sr«J£-r-5Ctd5a^Ul\ 
[0 0 6 6] *#5t (9) <0±Rfi[S:JiIe!6tx S2U 

>-xs¥g 2 ii^ts i u vx^g i asaiv<!7— -em 



*s-C#ft<450-Cff*U<ftv\ ft:fc\ *{*5$; (9) 
<D_hPSffi£0. 8 5l:R3lt5t, J:9*ffl«l**#S 
r t tfvjmx-hZo ftfl^C (9) <D± 

[0 0 6 7] £#5fc (9) <&TKtt«rTI§]5£. 

% 2 l^X#G 2 KJfc^Tfg 1 l^X#G 1 dS3»V^!7 

-0. 5< (rc-f-rb) / (rc 

r c fifB 3 U>-X/&#L13c^<K!)<DM(D& 

[0 0 6 9] *fl=* (10) tt. ^1 U^XI^G 1 cfCDjE 
I^^X^$)6S3 U>-X^^L13^^@T- (q^ 

(10) <D_hpgffi£±[H]5^£{2, fg3 U>-X/#;#L13(D 

Ci, ±3t^u^Xjg«tt3!i*J5 s *>o/£: 0 L^Lftj&Sib. 

6<o^^nPJ4uvXjg«-e(ift<. tf L^i£ft«ltf>T2r 
HfcE-TS 1 1 1 J: 9 ft p S^it^-r 6 £ £ CD -C# 

[0070] do) *>±»<i«:±[5isi:. 

<46W^l<^\ ^3 u^Xfig^L13^ 

^m4<450t^t<4K ft*3, «£#5£ (l 
0) *>_LR««:0. 9WRj£-r*i:* J:9&»ftifc;g*& 
rtdS-C#So *ft=5t (10) coJbPS 

fit£0. 8 5WRft1-5fc, ■ **WO»**»*Kfc38 

[0 0 7 1 ] *fl=st (10) coTPSffi^rTleie r * 

tt. S3 uvX^Li3<o^ds»fiOJcj:?)3fiv^*^(D 
£bM£ ft ft ft m& \s isXj&mz. ft 6 r fc £IcSfc U T ^ 

^^tt5^co@5f^^S r b<^<ft6fc^. RS&Jfc^ 

mm& t as&to<o#m«sLm& x vtJj =» -tirss* £ *** 

ftt5(OfffSL<4i\ ft*5, (10) cDTPJIfilC 

Sr-0. 3^Kfi-f5fc. J: 9 A»ftiR**IE«:*»-r 



#Pi2 0 0 0-2 83 7 (P20 0 0-28 3 7A) 
-fWSStl^r £Kft6 0 fS2389J*>J:5 

(9) (DTPSftt^O. 2\zmtl£-tZ>b. £!9&#ft 

[0 0 6 8] S*u JB2»«fc*5t^Ttt, £JLT<D*#* 

(10) SriJ£t5ri*sa*U\ 
r b) ^ 1 (10) 

£C£^T#6 0 (10) WTPHS& 0 

So 

[0 0 7 2] »2*W^*5l^Tf4. «Tff>*fl=sK 

(11) Sr«iai-6^fc*sa*UU\ 

0< | /3 w • Mt//3 t | < 1 (11) 

*-C-<DM(Sa-&«R«ffi^*3ttSfB2 l^^X»fflr»G2FO 

*IB^*3»t5«»«*-e«)-5 0 

[0 0 7 3] (11) ^f>yX»t$)6l2 

a: (8) ottw-etsxufcds. »«ffiF*w»*tn*jt 
raKc«r6*2 i^^x»BjEr»G2F^i»9mbs 

Xj^i3^Ttt«¥i^j««c7>jfiHrti^«^<DXuds*3S 

(11) r±, »&(caBI«^oflUffiil[$E*ofH^ 
t Sr#lSbtc^{cftoXt^o 
[0 0 7 4] ^f+a: (li) o±BMt«r±EI«»*i: L 
X, JK««|-CO*2 u-^X»mWG2FOj*«ffiF*^»u 

«u «*.fdf*«i^^x»-e*>-6JB2 u>xi¥ffr^G2F^ 

±¥fT*^m2 u^X«j»«G2FSrltffl-r5f*^fflA 
^f»^iiIotMt5J: 9 (^ft6 0 U/c^o 

2 U ^XmmG2?<DVk *) W U«<D«£*S» L < < ft 

6^)t^L< ftl\ 

[0075] '&%<nm&, r^lfiJSti^ 

6Wffll<^\ ^fc. SB2 U^X»M«G2FOj|g 



( 12 ) 



<nmv\ti\^WL<nmft^<t£&<n^tft-£\^<t£\<\ ft 
^ ^i*; (11) <d±PM£0. 9lcK£?-*J:« £ 
ftZ>/}^k<nti#>\z&mx*&>Z> 0 £fc. (n) 60 

[0 0 7 6] *2«W^*5l^fl, KT^*tt* 

(12) *«tJB-f-5Ci:*sa^Ui/\ 
0. 8<ra/rb<3 (12) 

[0077] *ft=x (12) m i u^xpg i *<nm 

2 uyX^L12i:^3 l^Xj8#L13£<DR0tt:fl5/S£ 

5£ (12) <ofi[^jE^fi[S:t6C^fi, ^ftd^X^tofls: 
m<om (t^*?S2 UVXj*^L12<O|fefi[|C0ffi) 

5o (12) ^_bKffl[«:±tHl6^. 

i2^^cD®cDtt^^^S : L<^:#< ft5*:tf>, ^(O 

£U<ftV\> ftjb\ *ff=5t (12) <D_LPM££2. S\ZW> 

[0 0 7 8] -2r, ftfr* (12) 0>TRtt*TII]6fc* 
2 U i/Xj&# L l2<D&W<Dffi<D&^¥&&M L < < 

l^45^i:^atU\ ft*>\ (12) <DTKtt*r 

[0 0 7 9] »2*W^*3V^-Ctt, ^2 uyXSl 

^l$G2R^<7)l'>'X/£#LRm, JP^OIEuyX^ ^ 
^COIEU^XJ; 9 U^X£a>£»j££*b> 
HT<Oft#a (13) ^t6C^^tt\ 
0. 58<dp/fw<3 (13) 
::t\ dplt ^^JOIEU^XcO^'L^X^^o £ 

[0 0 8 0] ftff* (13) fl. Sg2 W^X»«BG2R* 



W20 0 0-2 8 3 7 (P2000-2837A) 
(DU^Xj*^LRl^m^-r^^^}^iEU>'X(7)^^ 
5 0 *fl=it (13) OJ:KM£Sr±|II*i:. UVX/£#LR1 
X, u>X*oxasBJSiKft50>^ff* b< ft^\, 

^IL<^6^«1<^\ ft*3. (13) O 

ftp:im5 0 an** (13) o±PSfli^2(c 
[0 0 8 1] (13) (DTmmzrmzt. 

U^X^LR1^^^5i?^^jEu>-X(7)*^J?^/h 

ff*U<ftV\ **5, (13) (T^TPStt^O. 6 5 

iR^WHdsj: «5»S^ft5o 
* (13) ^TPlffiSrO. 7 5i^t^^s ##91 ©3* 

[0 0 8 2] (*l*M*3J:tfjB2»M) 
(D J: 5 (wf 2 yyX^G 2rto^i|o i/yX^ (flf 
S¥G2F) icfc y)&itk*fto&ffim<nX--J*\'i'X<Dm 

^|p8^$2 u>-X»1»»G2FJ:-- 

#5 0 Sfc, HPR«9S:IB2 uvX»«#G2R^y ^ 
£i*r, *fc«Mi:JB2 uvXi¥ffi#G2F<&^&»tt£it:5 

Jzi^U ^l^PlR^^i^^^^<S2y 
^X#ffi#G2F<D^*»» SiirT t «tt\ 
[0 0 8 3] £fc. **M(-*5^Tfi, Sl^X^ 
Lll*fc^f5 2 u^X^L12{CJift U^X^^u^X 

*s**^s C^S^i^^Xtfi^^v^-cA^^X^JajT 
^iEi/V-XoaSf^i: D < x iofti/yXiDr 

W^J ft r> . ^ b ft 6 JStfM Ms J: t5^^b/5i 5 "sjtg{-ft 
[0 0 8 4] 

ftX-AU^Xf^ «frfl8*^«BHi. ^ostFf^^^-r 

i u-vxwg 1 1 . TE<Dm$xt>*m-rz>w, 2 u^x 

»G2 bfrbmf&ZfrX^Zo -t LT, ^lU^Xl^G 

m N »flcfli*^W(3:. ift^tiyyxm4# 

^ UT«^S*f^^Wi-5mi l-^Xj5g5>Lll^. 
®^^ft6S2yyX^L12^, lE<Dm$Tt}&ft 



( 13 ) 



6 0 ft*3. *2 l^>X»«»G2Rfi, WMl/VXt 
A u ^X £ OIA K) h ft 6»& ^ ^X L n ^ 

[0 0 8 5] *l»W^«.|llS«lw*5V^-C. #*ffifl. 

S (y) = <y 2 /R) / {1+ (1 
+ C 3 • I y I 3 +C 4 • 
+ Cio • y :o +Ci2 • y 12 
ft:fb\ (a) aS2&(&#3*ffi«»C 2 £^A,T* 

[oo86] mi mmm) hui * i 3&w<os& i n 
isi^fts^w^xw^ftW^i^i-H-cfcSo mi 

<D®j£*lX— AuyX|:i3^t> SiuyXftGi^ 
1 u^X/£#Lim. ttfttBH-tOiffiS: 

£ h ft 6 ^ - * # * u 

^X N *J:tMli<^fciaB«:I«»tfc*>^*^U'^X 

SttT^ 6c Sfc* Ili/y^Gl(^l2U 
vX/*#L12tt\ *riM0*»&JHl£* Ma^vXirMEKI^ 
^Xi^K9*^^feft6S^Au^X3&>e>»rtStt 
T^6c Sfcl^ »luyX»Gl(^»3l/yX^L 
13fi. f^(0jU^X^^S^$nxv>6o 
[0 0 8 7] »2l/yXBG2(?)SJ»G2Fll, « 

X £ j^tQ, u i/Xb <Df& V &t>iki>> h ft 68^jE u ^X^ 

2Rtt. 4MMB9d>e>JIHK. Jf^OMau^X^MQDi^X 

M^rfttt/cA^ — l^>X£Mft w^X^tf^t)^ 



f = 


17. 5~ 


3 4 mm 




FN0 = 


3. 6 






2 to = 


10 4. 7 C 


-6 5. 5° 






r 


d 


V 


1 


52. 1292 


2. 0000 


45. 37 


2 


23. 0000 


0. 1000 


56. 34 


3* 


16. 3744 


7. 8000 




4 


53. 7499 


1. 8000 


43. 35 


5 


19. 9462 


7. 6000 




6 


612. 7631 


7. 8000 


48. 97 


7 


-28. 2710 


2. 0000 


43. 35 


8 


108. 4625 


0. 1000 




9 


50. 0061 


6. 2000 


28. 19 


10 


-60. 8299 


(dl0=PTa£) 





M2 000-2 8 3 7 (P 2000-2837 A) 

#«llcKttft;frfatf>iB££y t U KSyJc*3lt6*3* 

(l^fi) £S (y) £2ptf>tt^¥S (H,&ft^ 

$:Cn tlfc^, HTORi (a) -e*S*t5 0 
[I&5] 

-ic • y 2 /R 2 ) 1/2 } 

y 4 +C 6 • y 6 +C 8 • y 8 

+ C 14 • y 14 +C 16 • y ls (a) 

[0 0 8 8] ft4b\ »2 U^X»flfr«G2FtJB2 U>X 

i¥«»G2Ri^MJcttHp»!J SdsiaaSix. I2uy 
X» G 2 OS <ifcffllfcf*B3£*fc D SF a*E« ^HXV> 
6o Stt^fitwBRLTlB2 U^X«fG2 t-flc 

Ctft<«ffifr*tu-c«^H«X*>6o l§Il fix itft* 
tc*3tt6U-VXEfi^U-CVN6o MitSk^^flSt-KS 
LTf*. 311 l/yX»G 1 ^12 U^X8¥G2 k<OWU& 
tmO-r* X b fc, SS 1 u^Xl^G 1 #4— JMWB— »tb 

^Lt, ^P^«9 Sli»«rr*r*ft<, »2^X8 
ffi»G2F»tas*fl|^»-r*. 

[0089] ( i ) m i mmm^m^m^ 

»lf* 0 X (1) fcfc^T* fttttAIBB** FNOfiF 
2oittlB^Srs jS fiJRjKflff^Sr. DO frtgo 

fT^s^jwfto^ttffffio^feou^xffi^iej**, d 

nttdJI (A = 5 8 7. 6 n m) I-** 
-T^BSt**. v|iTy^|[«tl€il^Ltl/^ c ft 

[0 0 9 0] 
[^1] 



n 

1. 796681 
1.495210 

1.840421 

1.531721 
1. 840421 

1. 740000 



( 14 ) 

#|H5 2 0 0 0- 2 8 3 7 (P2000-2837A) 



11 


34. 9315 


1. 3000 


45. 37 


1. 796681 


12 


22. 7584 


5. 5000 


64. 10 


1. 516800 


13 


-144. 7558 


(dl3=pj^) 






14 


CO 


0. 8000 




m S) 


15 


29. 3537 


22. 0000 


58. 90 


1. 518230 


16 


-23. 6335 


1. 3000 


37. 35 


1. 834000 


17 


63. 0089 


1. 0000 






18 


357. 4853 


1. 3000 


40. 90 


1. 796310 


19 


22. 2076 


6. 0000 


70.41 


1. 487490 


20 


-26. 1638 


0. 1000 






21 


87. 6581 


5. 0000 


70. 41 


1. 487490 


22 


. -64.8462 


(d22=*I'£) 






23 


CO 


38. 84505 


(mfe&v sf) 





K 


C 3 


C 4 


31 


0. 0973 


-0. 10721 X10 -4 


4. 16260 X10 _e 




c 6 


C 8 


O io 




-2. 05780X10" 


8 2. 90830X10" 12 


8. 55130 X10 _1S 




C 12 








-0. 17926 XI 0~ 


16 0. 14299X10" 18 


0. 20722 X10~ 21 


(2*1 












*mi saw 




f 


17. 50000 


24. 00000 34. 00000 




DO 


oo 


CO CO 




dlO 


32. 39654 


14. 76205 0. 79807 




dl3 


3. 76238 


3. 76238 3. 76238 




d22 


0. 11761 


10. 27740 25. 90786 





0 -0. 05990 

DO 261.4690 

dlO 35. 23654 

dl3 0. 92238 

d22 0. 11761 



-0. 09259 
231. 5463 
17. 60205 
0. 92238 
10. 27740 



-0. 13128 
233. 3583 
3. 63807 
0. 92238 

25. 90786 



(1) 
(2) 
(3) 
(4) 
(5) 
(6) 



C 3 =-0. 



1 0 7 2 1 X 1 O" 4 
k = 0. 0 9 7 3 
| fasp |/fw=2. 0 9 1 
| fl |/(fw ft) 1/2 =1 
| fl | / i 2 = 0. 6398 
I JwMt/Jt |=0. 046 3 6 
(7) dp/fw=l. 2 5 7 

5fi, m i mmm<ou$iwmx~&> 



10 7 



[oo9i] m 2 

Atemvm*. Ytt«W«r, df*di& (^ = 5 8 7. 6 



nm) Sr. gteg«S U = 4 3 5. 8 nm) Z^thZrtl 
[0 0 9 2] H2^iRiiHS:#RRi-S^. J&ftflSMis^ 



( 15 ) 

M2 0 0 0-2 8 3 7 (P 2 0 0 0-2 8 3 7A) 



[0 0 9 3] (fg 2 HJSW 1^6(1. il^^)S2l 

mc&rtz&\s^xm<D&mm&&^-rmx*&>z> 0 m6 
lira *m ^ ^ ft 6 m&mik *-***m$m\s 

XX £ w U 9 ft a <b #/S 3 *t 

13*1. ^UXX^t>«t^SttX^6o 

[0 0 9 4] *fc. «2l/yX»G2^W8G2Ftt s «3 
frflB^IWtt:. ttf^CdiSiSrftftfc*;* ^^^^ 
X £ Mrfb \sl/Xh<0%&y>'& t>1tfr h ft -5 jE U X 

*tT^5 0 S5>i:, »2uyX#G2(DS»G 
2RWu ttft:ttd*e>JHI^ ffft^Mifi^xX^MDa^vX 

f = 1 6. 5 — 3 4mm 
FN0=4. 1 

2 co= 10 7. 8° ~6 5. 4° 





r 


d 


V 


n 


1 


49. 6189 


2. 0000 


43. 35 


1.840421 


2 


29. 0000 


0. 7000 


56. 34 


1.495210 


3* 


18. 2268 


6. 0000 






4 


49. 7685 


1.8000 


43. 35 


1.840421 


5 


18. 4687 


10. 0000 






6 


219. 8574 


8. 5000 


45. 87 


1. 548139 


7 


-23. 7094 


2. 0000 


43. 35 


1.840421 


8 


48. 2556 


0. 5000 






9 


40. 7751 


5. 6000 


28. 56 


1. 795040 


10 


-65. 3221 


(dlO=pT^) 






11 


00 


0. 8000 




m S) 


12 


30. 3578 


1.3000 


45. 37 


1. 796681 


13 


19. 0869 


4. 5000 


60. 23 


1. 518350 


14 


-228. 3171 


(dl4=^) 






15 


31. 7994 


22. 0000 


58. 90 


1. 518230 


16 


-25. 8948 


1.3000 


37. 35 


1.834000 


17 


43. 1480 


1.8000 






18 


185. 7849 


1.3000 


40. 90 


1. 796310 


19 


30. 5184 


6. 6000 


70.41 


1.487490 



it tft * # * \s ^X t Wfl \s yX t CDIA 9 -&;bi*:^ h 

[0095] ft**, %2\sisxffimmGz?<DW.<:yo&w 

fcttHflqJRD sasffi«£*u c^BBPttt) SttKffi?«-BR 

fl«ajn^t5^xxia«s:^ur^5o w&m^<o$m 

KBLTfi. !Sli/yX8Gll:*2l/yX8G2i© 
HBS^^-ra «fc 5 HI 1 u>Xf¥G 1 fi— .MHH^ 

[0096] (2) $&2mmMv>m5z<Dm& 

Stf^o * (2) tc^Ts f fi«&/SIE«4:. FNOttF 
0fi«B«*«r. DO (&t^#ffid<o® 

5 0 Ski-, ffi#^-ii^^itfTi-5^^{cf D v o^ft: 
{^j^^cou^Xfficojili?^:. dliftuyXSMHS:, r 

i (A = 5 8 7. 6 nm) {C^-r6JB*f*Sr, vteT?/ 

^^f^itv^, ft^\ m*<n*wn&m& 

[0 0 9 7] 
[^2] 



( 16 ) 

M2 0 0 0-2 8 3 7 (P2000-2837A) 



20 
21 
22 
23 



-25. 2224 
47. 7938 
39. 5066 
-140.7105 



0. 1000 
1.5000 
5. 0000 
(Bf) 



55. 60 
70.41 



K 

3 ffi 0. 0491 

Ce 

-3. 22780 X10" 8 

C 12 

-0. 13323 X10 -16 



C 3 

-0. 48297 XI O" 4 

Ce 

9. 50150 X10" 12 
0. 34340 X10~ 18 



1.696800 
1.487490 



C 4 

1. 47710 X10~ 8 

C io 

2. 94290 X10" 14 

de 

-0. 26904 X10 -21 







*P*1 




f 


16. 50000 


24. 00000 


34. 00000 


DO 


oo 


oo 


oo 


dlO 


36. 03441 


15. 21221 


1. 73902 


dl4 


6. 13238 


6. 13238 


6. 13238 


Bf 


40. 03787 


53. 23081 


70. 82141 



/3 
DO 
dlO 
dl4 
Bf 



-0. 06683 
211. 1659 
38. 87441 
3. 29238 
40. 06219 

(1) 
(2) 
(3) 



*Pb1 
-0. 10895 
187. 4673 
18. 05221 

3. 29238 
53. 29566 



-0. 15095 
194. 1299 
4. 57902 
3. 29238 
70. 94586 



C 3 =-0 . 48297X1 0" 
K — 0 . 0 4 9 1 
| fasp |/fw=2. 8 4 1 



(4) | f 1 | / (fw f t) 1/2 =1. 056 

(5) | f 1 | / i 2 = 0. 5 6 8 5 

(6) | JwMt/J t |=0. 0 84 0 8 

(7) dp/fw=l. 3 3 3 

[0098] B7-8iott, m2mmm<Dm^mmx* 
rtzmtommZs ms^mMtsx<Dmvm^mvm^ 

NAIi^PfS^r. dttd/g U = 5 8 

7. 6nm) gttgiH (1 = 4 3 5. 8 n m) 

[0 0 9 9] ^7OiRH0*#S-r^i:> i£««B^*3l^ 

«*:Hfl«w* mwm*&mzffiJE$tix^z>z t&t>fa 

5o H9 0JRMH*#fia-r6i:. l£*»::*3l> 



[0 10 0] 01111 fl»S3 

1 l o^^X-^u^Xl^io^Xx II u>Xg¥Gl 

2 U^X/£#L12tt> «*«^?>i«Jw. Pn£bu:/X£M 



( 17 ) 

#i2 0 0 0-2 8 3 7 (P2000-2837A) 



[0 10 1] £fc s 12 U^Xg¥G2 0M»G2F(i. m 

bMf&£tlX^Z> 0 ££>M. i2UyX»G2^||G 
2Rte, fefrffiri^Mgl^ ff|^p]fiu:/X£MQfli^X 

^^fts^iEi^x, ^xx^m^^^^^mm 

[0 10 2] ft£> N fg2 i/^X8¥i!«rS¥G2F£|f|2 w^X 

f = 16. 5 — 3 4mm 
FN0=4. 2 — 4. 3 5 
2 a>= 1 0 7. 8 

1 



2 

3* 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 



r 

64. 3591 
30. 0000 

17. 6777 
49. 7685 

18. 4687 
186. 8243 
-24. 2755 

59. 3358 
43. 3205 
-62. 9967 
32. 0567 
21. 5583 
-256. 6223 

oo 

29. 7054 
-19. 1979 

56. 5490 
122. 0340 

23. 9641 
-23. 3292 
204. 1315 
-63. 5196 
oo 



V 

43. 35 
56. 34 



3® 



K 

-0. 0495 

Ce 



— 6 5. 3° 
d 

2. 0000 
0. 7000 

7. 5000 
1.8000 
9. 0000 

8. 5000 

2. 0000 

0. 1403 
6. 6000 

(dl0=pj^) 

1. 3000 
4. 5000 

(dl3=pf^) 

0. 8000 
22. 0000 

1. 3000 
1. 0000 
1. 3000 
6. 5000 
0. 1000 

3. 0000 

(d22=^ras> 

41.53110 



-0. 10797X10" 
Ce 



bslt«u m\ t^x^G i tm2 u^xi¥G2 t<om 
mm'p-rz * 5 mi t^xpe i 

[0103] vt<om (3) ^ msmmm(omjt(Dm^ 

Jflf<5 0 31 (3) d&l^T. ff^^SI^:. FN0l*F 
-*-W<-£r, 2o)l«ft^, /3te?ff^^£:> DO tt* 

SI) **ivefr*L-c^s. 

^t-^*r^lCf p v ofc^iftJ^^<7)U>X®(Dj^^, d 
Mtt^^l) nfidi& U = 5 8 7. 6 nm) fc» 

[0 10 4] 
[^3] 



43. 35 

45. 87 
43. 35 

28. 56 

45. 37 
60. 23 

(HP 
58. 90 
37. 35 

40. 90 
70.41 

70.41 



n 

1.840421 
1.495210 

1.840421 

1.548139 
1. 840421 

1. 795040 

1.796681 
1.518350 

»9 S) 
1.518230 
1, 834000 

1.796310 
1.487490 



1.487490 
9 SF) 
C 4 

-2. 23840X10" 

C io 



( 18 ) 

#i2 0 0 0-2 8 3 7 (P 2000-2837 A) 



-3. 04900 X 10 -8 1. 49380 X 10 -11 

Cl2 Cl4 

-0. 15170X10 _1S 0.37678X10 -18 



2. 79930 X10" 14 
Cie 

-0. 29797 X10 -21 











f 


16. 50000 


24. 00000 


34. 00000 


DO 


CO 


CO 


CO 


dlO 


33. 71230 


13. 73018 


0. 80057 


dl3 


3. 20291 


3. 20291 


3. 20291 


d22 


-0. 38609 


12. 27458 


29. 15547 
















-0. 06672 


-0. 10882 


-0. 15190 


DO 


217. 9942 


194. 0646 


198. 9631 


dlO 


36. 55230 


16. 57018 


3. 64057 


dl3 


0. 36291 


0. 36291 


0. 36291 


d22 


-0. 38609 


12. 27458 


29. 15547 








(i) 


c 3 =-o. 


10797X10 " 4 


(2) 


K =-0. 0 4 9 5 




(3) 


I f asp | / f 


w= 2. 3 4 2 


(4) 


|fl|/(fwft) 


1/2 =1. O 


(5) 


| f 1 |/f 2 = 0. 5 9 2 4 


(6) 


| 0 w • Mt/jS t | =0 


. 0 7 3 4 5 


(7) 


dp/ f w = 


1 . 3 3 3 





[0105] a i 2 —a i 5 f±. S3 mmm^m^mm 

lc*5»tSHMJl*H*:, H 1 3 f±a»»-CO«IK*'&«* 

Hi 5f4^«l?oSiSIE^«*«^*3^*W*SSH 
^^W^t-cv^o *iR*Bfc:*5^-C. FNOfiF^" 
NAteflfjnifcS:. YttftiSS:. dtediH (A. 
= 587. 6nm) gligl (X = 4 3 5. 8n 
m) tttl^tlTftlsX^&o ^^JR^Sr^-TflX^ 

[oio6] h i 2 <D$Lmm&&m-rz> t s &&m^& 

Hi 4^ifc^H£#i£1-6^ JtfcfliHcfc 
thX^Z>^k&t>frZ> 0 HI 5<OiR^HS:*fia-r 

®j^'># < % mtiim* fifrKMiE $ *iT 1, * 6 r t # t>fr 

xf&mm^tt&^&^xmum*8LmzffijE£ti, a 

[0 10 7] (I4H« il6lt JB1*W*>*4 



IBBW ^ **** 6 ^/a^ X-AuyX(Di/y X«/S;;*5 J: 

1 6(D^^X-AU>X{^^ot>X. SlW/XSGl 

^X^5o *luyX8Gl©»2i/yX^ 
B9#b*^t)ftS»ft*»^^ *3<tt^»fr«l^i£!iffi 
1 1 uyX»G l (Of 3 i/yX^Li3ii, Wfrfil 

[0 10 8] 12 U^X^G 2COmr^G2F(i. « 

X^M^^>X^(Oi I S^^^^^b^6^iEl-'> / X^ 
5>»**ttX^5o J5)l:,*2^/X»G20g8G 
2Rte. (fcfWB^femm. fffc^Wibi'VXtWBflUVX 
ttOtetJ'&^^^^^SSE'&^^^XLn, MDfl^^X 
^f^au^X^iDlA^^^^b^^^IEUVX, ft 
J: t/r^fi u ^X^ <b £ ixT v > £<, 

[0 10 9] fc*3. 12 !^>-X#m#G2F£*2 l/^X 
#«#G2R£OPflKttBflPiR!> Si&SffiB£*U 
X#G2^it[C<6««-ttB3ett!? SF^@£*VC^ 
3 0 BBPttt) Sf±X«l-IRb-C*2U>X«G2i:-»: 



( 19 ) 

M2000-2 8 3 7 (P 2 0 0 0 - 2 8 3 7 A) 



BRUT fit, Ml U^X»G UI2 U-VXgfG 2 fc<7>IW 
R9^«/>-r 6 J: 5 SB 1 i^X»G 1 f±— .MM*** 

8¥ G 2Ff£ frt jftS«MB-s»«i f 6 o 

[0 110] (4) fc, »4Hlfi«^K7cOffl:S: 

Stf5 0 « (4) fcSSI^T* fte&j&IEKS:, FNOteF 
f = 1 7. 5 — 3 4mm 
FN0=4. 1 
2 to — 1 0 4. 3 

r d v 

49. 4924 2. 0000 43. 35 
19. 0000 0. 1000 56. 34 



1 

2 

3* 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 



13. 1824 
-64. 1665 
29. 3127 

-102.0150 
66. 5293 
29. 3963 
31. 1793 

1140.6187 
36. 7901 
22. 2707 

-104. 5971 



~64. 7° 
d 

2. 0000 
0. 1000 
15. 0000 
2. 0000 
8. 5000 

0. 1000 
2. 0000 

1. 0000 
5. 0000 

(dl0=pj^) 

1. 3000 

4. 8000 
(dl3=pj^) 



45. 37 
82. 52 

55. 60 

25. 50 

45. 37 
60. 23 



NlAVMMS) nftdm (^ = 5 8 7. 6 nm) Id** 

[0111] 
[^4] 



n . 
1. 840421 
1.495210 

1. 796681 
1. 497820 

1. 696800 

1. 804581 

1. 796681 
1. 518350 



29. 7900 
-25. 3222 

66. 4292 
-638. 1440 

25. 8765 
-24. 3391 
166. 7875 
-50. 0532 



14 
15 
16 
17 
18 
19 
20 
21 
22 

23 oo 

K 

3® 0.0139 
Ce 

-5. 04910X10 

C 12 

-0. 16144X10 

(«IS&£«i:|*1tBI 

f 17. 50000 

DO oo 



0. 8000 
20. 0000 

1. 3000 
1. 8000 
1. 3000 
5. 0000 
0. 1000 
3. 2000 

(d22=^I^) 
42. 37782 



(Mattg s) 

64. 10 1.516800 
37.35 1.834000 



37. 35 
70.41 

58. 90 



1. 834000 
1.487490 

1. 518230 



mfeww sf) 



C 3 

-0. 30953 X10" 4 

Cs 

-1. 21950X10" 11 - 
C 14 

0. 18728 X10~ 17 - 

*ra sit* 

24. 00000 34. 00000 



C 4 

1. 38140 X10" s 

C io 

5. 05670 X10~ 14 

C ie 
0. 52111 X10 -20 



( 20 ) 

#1^2 0 0 0-2 8 3 7 (P 2000-2837 A) 



dlO 32.24557 14.61107 0.64709 
dl3 4.28854 4.28854 4.28854 

d22 0. 00000 10. 15979 25. 79025 











/3 


-0. 06426 


-0. 09941 


-0. 14104 


DO 


242. 2795 


214. 3848 


216. 0706 


dlO 


35. 29557 


17. 66107 


3. 69709 


dl3 


1. 23854 


1. 23854 


1. 23854 


d22 


0. 00000 


10. 15979 


25. 79025 



(1) 

(2) 
(3) 



C 3 =-0. 30953X1 0" 
k = 0. 0 13 9 
I fasp |/fw=l. 5 15 



(4) | f 1 | / (fw f t) 1/2 =1. 10 7 

(5) | f 1 | /f 2 = 0. 6 3 9 8 

(6) | JwMt/j3 t |=0. 0 4 9 8 0 

(7) d p/f w = 1 . 14 3 



[0112] mi o«\ m^mmm^m^mm 

X£>5 0 i-*t>*>. Hi 7f4i6i!iH-eo«IB»'&JMfclB 
te*5tf-SRiR^BS:. 0 1 8 f*S5S*X^SSR»*fc:R 

ffi^ttssnxMH^^^tt^ur^-So 01 

0 2 0f43iS»T^Sifi^^««MB^43lt5»«R3SH 
&^*L«wUXl^5 0 #JRfflafc:*5^Xx FNOdiF^ 

= 5 8 7. 6 nm) gteg;&| U = 4 3 5. 8 n 

m) ^^M^tt^^o *^iRS4r^-f-iRli 

[oii3]0i 7<Di&mm&&m'tz>b, &mmz» 

fc, 01 8^JRHH*#fiHi-St. ^«Cfc^Tt)j£ 

nt^a^i^b^o ^fc. 02 o<7>iRMH*#Ba-f- 

^^^^(c^^x^M^^i-ffijE^n. 6 

[oi i4] insmmm 02111 #i*w«>*5 
mmz&tfz&u^xm<D&m®m&7f:'rmx-3bz> a 0 

2i^^X-AL/yX|:^^T s fSluvXgpGi 

** <t »»«■«• <t ^a^^ e> * s ^^^^ 



2 u:/X/&#Li2te, 4MttRia>fciai;i. jffli/yxti^ 
£*vti/>6 0 £t>\^ *ii/yX»Gi©JB3uyxa 

[0 115] *2 l^X»G2<7)l»i¥G2Ffci, « 

2RH *flc«^e>NB^, J?^<OMfit->'Xi:^IlflU'^X 
ffiSrf&H+fcAT* i^^X^^ix^x^o^t)^ 
£;frx^<5 0 

[0 116] **3 % fg2 L-^X^fffl¥G2F<b^2 U^X 

XS^G 2 <0ffiCfcffll-tt@3©R0 S Fj&SgB«SttXV> 
60 BHPttU Sfiagfl}^BRUX!B2 u^X*G2^— fl: 
«Hw#«pi-S^, ISIR?) SFttSE«lJiRSbx»«ii-5 
dt*<<ftffi^»UXSrj3iH^X**>6o 02 1H j££ 

BRUXii, 1 1 i/yXHG 1 2 i/yXBG 2 t<Df H 1 

mtm'p-rz mi u>-x#g i «— jmhsk & 
«s«r»G2F^w*s«flfl^ibr5, 

[0 117] (5) |w N *5|Slt«(0»7c^ffl[S: 

»if*o » (5) fcLfc^T* ftt«^E«IS: % FN0f*F 
2a>temft&. Pfi»J»e*Sr, DO fi^i 



( 21 ) 

Hi2000-2837 (P2000-2837A) 



»«*i|MS) £\ nttdiR U = 5 8 7. 6 nm) 
f = 1 7 . 5 — 3 4mm 
FN0=4. 1 



[0 118] 
[*5] 



CO = 


10 4. 3° 


— 6 5. 3° 






!#•*§- 


r 


d 


V 


n 


1 


58. 6004 


2. 0000 


45. 37 


1.796681 


2 


24. 0000 


0. 5000 


56. 34 


1.495210 


3* 


17. 0900 


7. 5000 






4 


53. 7499 


1. 8000 


43. 35 


1.840421 


5 


19. 9462 


8. 0000 






6 


183. 3053 


8. 5000 


45. 87 


1.548139 


7 


-26. 7490 


2. 0000 


43. 35 


1.840421 


8 


76. 6578 


0. 1000 






9 


47. 6972 


6. 5000 


28. 56 


1. 795040 


10 


-68. 0225 


(dio^as) 






11 


32. 3394 


1. 3000 


45. 37 


1.796681 


12 


20. 6276 


4. 5000 


60. 23 


1.518350 


13 


-181.9377 


(dl3=pj^) 






14 


CO 


0. 8000 


(Mntto S) 


15 


30. 1722 


22. 0000 


58. 90 


1.518230 


16 


-22. 3432 


1.3000 


37. 35 


1. 834000 


17 


60. 9862 


0. 6500 






18 


404. 8091 


1.3000 


40. 90 


1. 796310 


19 


23. 5377 


6. 5000 


70. 41 


1. 487490 


20 


-23. 0581 


0. 1000 






21 


99. 2771 


3. 0000 


70. 41 


1. 487490 


22 


-75. 8640 


(d22=*J^) 






23 


oo 


40. 99343 


(B£tt9 SF) 



3 m 0. 0284 
Ce 

-2. 94210 X10" 8 

C 12 

-0. 19552 X10 -16 



C 3 

-0. 89864 X10~ 5 

Cs 

1.65270X1<T X1 

Cl4 

0. 44553 X10 -18 



C 4 

9. 88100X10" 

C io 

1.59070X10" 

Cio 

-0. 32044X10" 









OS* 


f 


17. 50000 


24. 00000 


34. 00000 


DO 


oo 


oo 


oo 


dlO 


32.41649 


14. 78200 


0. 81802 


dl3 


3. 66918 


3. 66918 


3. 66918 


d22 


0. 00000 


10. 15979 


25. 79025 



0 -0.05990 -0.09259 -0.13128 



( 22 ) 

#132 0 0 0-2 8 3 7 (P 2 0 0 0 - 2 8 3 7 A) 



DO 
dlO 
dl3 
d22 



261.2193 
35. 25649 
0. 82918 
0. 00000 



231. 2966 
17. 62200 
0. 82918 
10. 15979 



233. 1086 
3. 65802 
0. 82918 
25. 79025 



(1) 
(2) 
(3) 
(4) 



C 3 =--0. 8 9 8 6 4 X 1 0" s 
k = O . 0 2 8 4 
I fasp | / f w= 2 . 0 9 3 
I f 1 1/ (fw f t) 1/2 =1, 



10 7 



(5) | f 1 | / f 2 = 0. 6398 

(6) |UwMt/Jt |=0. 04 6 3 6 

(7) dp/fw=l. 2 5 7 

[0119] 022 —0 25tt, ms mmm^mumm 
x%>z> 0 i-fttot, m 2 2 tefcfiiQ^vmmM&mftm 

«gl-^JtSK^0^r^tt^^UTVN-5 o £Ac 0 2 
4 ^^^(D^lESI^^ffit-^^^^lRMa^, 
0 2 5f±ffi*»^<OSiff^^«1IBlr*5*tSKlRftH 
^r^:tb^tt^UXi/^6o ^ifc^0iw:fc^-t. FNOteF^ 
>v<-£ N NAUMPM, Y dted^S (A 
= 587. 6nm) Sr. gligi (A = 4 3 5. 8n 
m) ^m^tTi>6o *jfiiRSSr^-TiR* 

[0 12 0] 0 2 2^^0^#^-T6^, j£^«^*5 

0 2 4^)iRMiaSr#fi8i-St. ZKfc«Bl£*5 
^Tl/^Ct^bWp 02 5^iR*HSr#H8-t- 

S (y) = (y 2 /R) / {1+ (i- K . 

+ C 2 • y 2 + C 4 • y 4 4-Ce 
+ C12 • y l2 +Ci4 • y 14 +Ci 

[0123] [S6«w 02 6f* N m2^m<Dme 

^l^^X^Liili, 4&ft«l£i&ffi*ftrHfc«<D® 
»j*$ttx^^ 0 SiuyxHGioS2^yx 



[0121] m^. m2mw<n&mmmzfafazftm7£ 

X-AU^Xfl, «MHN*>&JIHI^ fi<DmifTt}&&1-Z> 

iii/yx»Gi^ lEoimmjizm'tzmz^xm 

G2bfrbm$L$thX^Z> 0 ^Lt, SluyXiGl 
#Lll£ N AOHSf***'i-S!B2 W^Xj«#Ll2£ N 

jE^asr^^-r^ms uvx^Li3^^e>»^$tb 

12 i^>:X3«tr»G2F£. *2 W^Xf¥«#G2R£a*e> 
M^T^6o **3. *2 UixX»«i¥G2Rtt. ^5* 

^Xj«^LR2t^fe«fi6Stt-C^5o 
[0 12 2] fS2»M^#*Jfi«^fe^T. #*ffifi. 

£S (y) £U S^Oft^^ (H^Cft^ 
SrR^U P3H«»*rickU n#cO#J*ffi«R 
SrCn £Lfc£#. SAT0>»5£ (f) ^SStiS, 
[2£6] 



y 2 /R 2 ) 1/2 } 
• y 6 +C e • y 8 + C 10 ■ y 10 
a - y l6 +C 18 - y 18 (f) 

[0 12 4] §2 U>-X#G 2(OlftS¥G2Fte, « 

X £ pfr£b u yX £ 9 -a****?? Sg^IE u >-Xa> 
fcflllSSJxTlOSo ^C, S2I/yXi|G2 0« 
2R*<DU^Xj*#LRm. ff^O^ifb 
u- yX £ pjQQ u :xX £ col£ 19 h tz Z> J£<&jE u >- 

Xfrbmf&£tlX\f^Z> 0 %2 U^Xg^G 2<0%M 

G2R*OU>-X/£#LR2f:t. »flcflfl^?>flBJJl. PDfll-^ 

*5<tt^Mi0i^^Xd^«j«SixTl>5o 



( 23 ) 

^2 0 0 0-2 8 3 7 (P2 0 0 0-2 8 3 7A) 



[0125] ft*** m2 \s ^xmmmGz? tm 2 

mttto-TZtK B£R9 SFfl«ffiFlcRtt»it5 

BSUTlis ill UVX|¥G 1 t^2 I/yX»G 2 £<7^ 
BWSJjM^S J: 5 |g i uyXifG l tt— » 
iLfcftliftfWII-#iU $2l/yXHG2|j:Wi 

f = 1 7. 5 — 3 4 mm 
FN0=4. 1 
2(0=104. 5 
r 



[0 12 6] (6) »6H16ffi|<0»7c^ffiS: 

»lf6« S (6) fc*3^T* fttMEJiSr, FNOfiF 

^w<-£ s 2 coteW^. /mJM&ffl?**. DO «^ 

SI) £^^*i^LT^£ 0 S&l::. ®#-^fl^j»Oifi 
nfld^ (X = 5 8 7. 6 nm) 131^ 

[0 12 7] 
[H6] 



9 C 



1 

2* 

3 

4 

5 

6 

7 

8 



48. 5189 
14. 7970 

-103. 2099 
23. 6655 
56. 4962 
46. 8694 

-187. 1566 
67. 1852 
34. 7148 
-83. 4611 



29. 7664 
-21.4891 
385. 1452 
-188. 5713 

26. 9405 
-25. 3197 
131.2987 
-53. 0910 



— 6 4. 
d 

3. 5000 
14. 0000 

2. 0000 
6. 9000 

3. 8000 
5. 0000 

(d7= pJ^) 
1.5000 

4. 0000 
<dl0=pja?) 

1. 0000 
26. 7527 

1.3000 

2. 2000 
1.3000 

5. 0000 
0. 1000 

3. 0000 
(dl9=pj^) 
43. 75909 



v 

40. 90 

49. 45 
82. 52 

25. 48 

45. 37 
58. 90 



n 

1. 796310 

1.772789 
1. 497820 

1. 730378 

1.796681 
1. 518230 



(Hflq;&9 s) 

58. 90 1. 518230 



37. 35 

37. 35 
70.41 



64. 10 1. 516800 



(HJEtt!) S F) 



10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 oo 
it 

2 ffi -0. 3952 

Ce 

2. 33870 X10 _s 

C 12 

0. 11063X10" 1 

C 18 

-0. 1 1584 XI 0 -24 

*m ass* 

f 17.50000 24.00000 34.00000 

DO CO CO oo 



1. 834000 

1. 834000 
1.487490 



C 2 
0. 00000 

Cs 

3. 75930 X10" 11 

C 14 

0. 66748 X10" 1 7 



3. 10530 X10" 6 

C io 

■2. 78560 X10" 13 

C 16 

0. 14271 X10 -19 



( 24 ) 

#H2 0 00-2 8 3 7 (P 2 0 0 0-2 8 3 7 A) 



d7 

dlO 

dl9 



31. 74827 
3. 30535 
-0. 26459 



14. 27276 
3. 30535 
10. 59298 



0. 43467 
3. 30535 
27. 29694 



-0. 06831 -0. 08860 -0. 1 1404 
229.6064 245.5819 274.1155 
34. 39827 16. 92276 3. 08467 
0. 65535 0. 65535 0. 65535 
-0. 26459 10. 59298 27. 29694 
(*fW»*«[) 

(8) f 2F/ f w=5. 7 14 

(9) | f 1 |/f 2 = 0. 599 
(r c + r b) / (r c - r b) =0. 599 
I 0 w • Mt/J3 t | =0. 5 5 8 
ra/rb = l. 205 
dp/f w= 1 . 5 2 9 



DO 
d7 
dlO 
dl9 



(10) 
(11) 
(12) 
(13) 



[0128] 0 2 7 ~0 3 0 fi, f 6 *JB«!|(0»JR||H 

-e*-6. 02 7 nfcfii$x*<Dmmm&M#;m 

03 otemmt$x*<Dm&mM&Mvtmz&rtz>mitiLmm 

Sr-tix-ftt^UTl^o #lfclg01-*5l/^ FNOfi F 

NAOTpM, Yfi4feiBS:. dted« ( X 
= 587. 6nm) fr, gligi (X = 4 35, 8n 
m) ^^M^ltt^o £fc, ^/SiRMSr^-rilRM 

[0 12 9] 13 2 7<Dlfc^£r#Bg-r--5£, j£ft*^*3 

02 8<ni&mm&&m'rz>b. mmm^^^x^b^ 
fimtmm^ mum&BkmzttiEztixb^zz. 

H2 9<0JRSg0*#fB"r*£. It*«lc*3 

fr-ci^* ^7t. 03 o^mm^m-r 

zt. m&miz&^xhfcfimtmm^ mmmmx 
m&'Ptt < > m$im>£kmzffijE ztix^z>z.tfrt>fa 

[0 13 0] (f 7H»W) 03 111 S2»91<a»7 

3 KOrtl^X-is^yXl^^r, SSi u^XI^gi 
OSSl U^XjfcfrLllte, ^fcWc^M^fatt^BJtf)® 

$ tWcA ^ # * u yx^ibiS * 

tLT^5 0 fgl uy/SG 1(7)^2 U-^X/£#L 



[0 13 1] f 2 l^X#G 2 <0«frfl¥G2F«U « 

X <t L/yXtoli^ 6 ft Z>m&jE u i/Xfr 

hm&ZtiX^Z. 12 U^X|¥G2tf>«3¥G 

2R*cOU^X^LRl«, ftflc«d^JIR^. «J*3<Z>PTi0i 

xa^w/astt-c^So i2i/yx»G2^)ft« 

G2R*^l^X/£#LR2te x »flcflO*>fcKg^. 

MtlRjttfe*^ = i/yX^Mi0i i/yx^^BD 

[0 13 2] ft*5. 12 l^Xi¥iWpG2F£fB2 U^X 

xsg 2 osc«feffl^^@^jR!9 s F^gag^tu-c^ 

6o MU®.*) Stt3E«l-BSLTS&2 uyX»G2i-» 
^^/i<tIl:^tTtiii^5 0 03 in, z££ 

*fc*3jt5^^xiBfla*^u-c^So aa«B— coiEfgi- 

RUTtf. IS 1 I/yX«G 1 tJR2 U^XSG 2 i^Pfl 

mfcHi'PTz ct^c, mi is^xmG i jjsihi-^ 

»Ufc«l:itt#«^»»U S2 l^X#G 2J*»ft:« 

[0133] ik<Dm (7) ic. %7 mmm<om7i<»m* 
m?z>o m (7) tr^x, f fijfe^aEK*. fno^f 

2 a)f;tllj^£-, /maHBffi?**. DO 

IS) HMtill^^c £«bl£. ffi#-»i43fcl»^5i 
fTi-^^r^i-^ofc^ilO^^OU^X®^)^^. d 



( 25 ) 

#H2 000-2 8 3 7 (P2000-2837A) 



Htt£p¥&) &x nlidlft U = 5 8 7. 6 nm) tC*f 

f = 1 7. 5 — 3 4mm 
FN0=4. 1 



[0 13 4] 
[*t7] 



2co = 


10 4. 4° 


— 64. 9° 








r 


A 
U 




V 


n 


1 


44. 9028 


9 nnnn 




40. 90 


1.796310 


2* 


15. 0169 


i 5 nAnn 








3 


-83. 3430 


L>. 0\J\J\J 




49. 45 


1.772789 


4 


22, 0645 


o. uuuu 




82. 52 


1.497820 


5 


63. 9H9 


o. ouuu 








6 


47. 9602 


o. uuuu 




25. 48 


1.730378 


7 


-163. 1975 


(d7= 


>) 






8 


34. 1077 


1.5000 




45. 37 


1.796681 


9 


23. 0656 


5. 0000 




64. 10 


1.516800 


10 


-93. 5777 


(dl0=pfS 


>) 






11 


oo 


1.0000 






12 


29, 7891 


20. 0000 




54. 55 


1.514540 


13 


-22. 2629 


1. 3000 




37. 35 


1. 834000 


14 


66. 0998 


2. 2000 








15 


591. 3002 


1. 3000 




37. 35 


1.834000 


16 


22. 5487 


6. 0000 




82. 52 


1. 497820 


17 


-25. 9792 


0. 1000 








18 


125. 3855 


3. 0000 




64. 10 


1. 516800 


19 


-65. 7170 


(di9=pl3E) 






20 


CO 


39. 64647 




(B 


SF) 



c 2 

0. 00000 
Ce 

1. 05840 X10" 10 
0. 69109 X10 _1T 



K 

2 m -0. 2964 

Co 

1.09290 XI 0~ 8 

C 12 

-0. 63326 X10" 16 

C IS 

0. 77240 X10~ 23 
f 17.50000 24.00000 34.00000 

DO 00 co CO 

d7 30.70578 14.06641 0.89044 

dlO 3.43119 3.43119 3.43119 

dl9 -0.63682 9.70125 25.60597 



c 4 

2. 83480 XI 0" 6 
C io 

-3. 52100 X10 -13 
C ie 

-0. 17384 X10" 19 



0 

DO 

d7 

dlO 

dl9 



-0. 04752 
333. 3899 
33. 35578 
0. 78119 
-0. 63682 



*Pp1 

-0. 08688 
246. 8854 

16. 71641 
0. 78119 
9. 70125 



-0. 13290 
229. 1921 
3. 54044 
0. 78119 

25. 60597 



I. 



( 26 ) 



2000-2837 (P2000-2 837A) 



(8) f 2F/f w=3. 4 2 9 

(9) | f 1 | / f 2 = 0. 6287 

(10) (rc + rb) / ( r c - r b ) = 

(11) |jwMt/|5t |=0. 008 

(12) ra/rb = l. 333 

(13) dp/fw=l. 143 
[0 13 5] H3 2-B3 5Hl, » 7 ^J6«0»lRHH 

T*£>6 0 i"ft*>t>. H 3 2 ttJtft«-C^«IS38*j»*tt 
(^*5Jt5»iRliHSr, 0 3 3 *iSifi«-C<o«!lRRJS-&JSS« 

0 3 5 tta»«TO^iftlE«-&««lB^*5^5ttiRIIH 
Sr j ett^f^UXt>6 0 #*a(EH^*3V^"C. FNOflF^- 
NAfiUfjPifcS:. YlifcKSr, dfid^ (A 
= 5 8 7. 6 nm) «r x gfigSI (A=4 3 5. 8 n 
m) Sr«t*b-P*t»b-Ci^So *fc, ^^iR^Sr^-TiRM 

[01361032 <OiRMH«:#fi8-r-5 . J£ASKw*3 
fr&a 0 3 4<^ifcM0£#f*H-5£> it*»lJ:*3 

[0137] cm 8 hjsw] 0 3 6 fi. fg 2 mm<om 8 

3 6(DP^^^:X-AU^XiC^^T, SBll^X*Gl 

jft/CV^o fll/yXgGl^$2l/yX^L 

u^X^«/££*tTV>5 0 Sbl^ »1^X8G1 
6 0 

f = 17. 5 — 3 4mm 
FN0=4. 3 — 4. 2 
2o)=104. 6° —64. 9° 

r d v 

1 44.4743 2.0000 40.90 
2* 14.8240 15.0000 
3 -100.9884 2.5000 49.45 



0. 5 4 6 
9 4 



[0 13 8] Sfc, 12 U^X#G2 0flfr#G2Ff*. « 

x <t Ma w >x t <oas t> &t>itfr h * 5 b^je U' ^x^ 

^»J*S^Tl>-5o ^l:, S2UyXSG2(OSSG 
2R4 J ^^^X^LRl^. fe{MM**€>NKI^ f^I^Mfl 

X^e>»«Stt-C^6o Sfc* »2^X8G2^8* 

G2R*<OI^>'X^LR2fi. ttflcfll^fcW^. 

t£b® £: fp] fcft * =. ^ # * u yX £ plifb u ^X 1 <7)f!£ 9 

[0 13 9] ft*5 % ^2 U^Xi¥ffi|¥G2F^m2 UVX 

x#G2^ac«ffla»-«H3&tt«3 sfjwe«£*lt^ 

5c HgP££9 SliMl^tTS2 U>-X»G 2 £ — * 

«S{c*3*t5^^XgB«S:^UTi^o a»«S^tf>£fSFt- 
^txn SiyyXHGiiS2yyX»G2^ra 
J: 5 » l u^X»G 1 » 
»Lfc«Ki«fc«^»»U IB 2 i^X#G2tt«ft:« 

i^Lt, »q»S!0sii»tt^i4<, I2uyx 
»W»G2F^ttdS|fe«^Bi-r6o 

[0140] (8) msmmm<o&7tv>m% 

m-fZ> 0 m (8) ^*3^T, f li&^BBttSr, FNOfiF 
^>^-£r. 2a>nmft*. &&WL&m&&. DO fi* 

fTi-^^r^l-^ofc^^^^^u^X^MJ^^, d 
nfid^ (A = 58 7. 6nm) 

[0141] 
[^8] 



n 

1. 796310 
1. 772789 



( 27 ) 

#9820 00-2 8 3 7 (P 2000-2837 A) 



4 


20. 7090 


10. 0000 


82. 52 


1. 497820 


5 


44. 9016 


2. 6665 






6 


40. 1401 


4. 5000 


25. 48 


1. 730378 


7 


-258. 8822 


(d7= rJ^) 






8 


38. 2112 


1. 5000 


45. 37 


1. 796681 


9 


23. 5648 


5. 0000 


54. 55 


1. 514540 


10 


-99. 8075 


(dl0=pj^) 






11 


oo 


1. 0000 


(Hf 


iP^t) S) 


12 


29. 7330 


20. 0000 


58. 90 


1.518230 


13 


-23. 5477 


1. 3000 


37. 35 


1. 834000 


14 


91. 7769 


1. 8765 






15 


1041. 8602 


1. 3000 


37. 35 


1.834000 


16 


23.4104 


6. 0000 


82. 52 


1.497820 


17 


-26. 1402 


0. 1000 






18 


634. 9730 


3. 0000 


58. 90 


1. 518230 


19 


-50.0191 


(dl9=pT^) 






20 


CO 


45. 65899 





c 2 

0. 00000 

Cs 

2. 18430 X10" 11 

Cl4 



2 ffi -0. 4864 

Ce 

2. 00990 X10 -8 

C 12 

0. 11587 X10 _1S 

Cl8 

-0. 63440 XI 0 -24 



c 4 

3. 37280 X10" 6 

C io 

-2. 42790X10" 13 
C 16 



0. 62023 X 10~ 17 -0. 13676 X 10" 



f 

DO 
d7 
dlO 
dl9 



ISA* 
17. 50000 

CO 

29. 24496 
3. 76471 
-0. 39682 



24. 00000 

CO 

13. 55638 
3. 76471 
11.04277 



34. 00000 

CO 

1. 13328 
3. 76471 
28. 64216 



0 

DO 
d7 
dlO 
dl9 



(10) 
(11) 
(12) 
(13) 



-0. 07598 
203. 2484 
31. 89496 
1. 11471 
-0. 39682 



MS* 

-0. 15270 
198. 8771 
3. 78328 
1. 11471 
28. 64216 



[0142] 037- 



-0. 11042 
192. 1448 
16. 20638 
1. 11471 
11.04277 

(8) f 2F/f w=4. 0 8 3 

(9) | f 1 | / f 2 = 0. 5 6 8 
(rc + rb) / (r c - r b) =0 
I 0w • M t/j9 t | =0. 12 0 9 
ra/rb = l. 119 
d p/ f w= 1 . 14 3 

m 4 o fi, is 8 mmm<owwL&m i 
a38 fiaarw-e^jkiBai^MK 



7 3 2 



a4 o&mmt&x<D&&mM&&vtmz*oftzmi&mm 



( 28 ) 

W2 0 0 0-2 8 3 7 (P 2 0 0 0-2 8 3 7 A) 



= 587. 6nm) gttgS (A = 4 3 5. 8n 

m) £^;tvm^L-0>6 0 Sfc* *^JR«Sr^*riRM 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a small-sized high-performance 
super-wide-angle zoom lens covering a super-wide-angle area where the 
maximum angle of view exceeds 100° and having comparatively large 
aperture ratio and variable power ratio by making three-degree aspherical 
coefficient in the specified aspherical expression of an aspherical lens in a 
1st lens component satisfy a specified condition. 
SOLUTION: In this zoom lens that a variable power is executed by 
changing a distance between 1st and 2nd lens groups; the 1st lens group 
is provided with the 1st lens component, a 2nd lens component and a 3rd 
lens component in order from an object side. When it is assumed that 

height in a perpendicular direction to an optical axis is (y), a distance along :j ly; s= ( y * • r _ ; t 

the optical axis from the tangential plane of the apex of an aspherical . ri . \ 7 i* ' „ * * /K ~ S : 5 

surface at the height of (y) to the aspherical surface is S(y), the radius of &i * £•* : ••**•' ^rX^;..- -: : 



curvature being reference is R, a conical coefficient is (k), and the n- 
degree aspherical coefficient is Cn, the aspherical surface of the 
aspherical lens in the 1st lens component is expressed by the expression. 
The three-degree aspherical coefficient C3 in the aspherical expression 
satisfies a condition; -7 x 10-3<C3<-1 x 10-6. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] Sequentially from a body side, it has the 1st lens group G1 which has negative refractive power, and the 2nd lens 
group G2 which has positive refractive power. In a zoom lens which performs variable power by changing an air gap of said 1st 
lens group G1 and said 2nd lens group G2 said 1st lens group G1 The 1st lens component L11 which has negative refractive 
power as a whole sequentially from a body side including at least one aspheric lens, It has the 2nd lens component L12 which 
has negative refractive power, and the 3rd lens component L13 which has positive refractive power, distance (the amount of 
sags) which set height of a direction perpendicular to an optical axis to y, and met an optical axis from a tangential plane of top- 
most vertices of the aspheric surface in height y to the aspheric surface — S (y) — carrying out — radius of curvature of 
criteria — R — carrying out — a constant of the cone — kappa — carrying out — the n~th aspheric surface coefficient — Cn 
**, when carrying out The aspheric surface of said aspheric lens in said 1st lens component L11, [Equation 1] 
S (y) =(y2 / R)/[1 +(1 -kappa-y 2 / R2) 1 / 2} 

+ C3, |y|3+C4, y4+C6 and y6+C8, and y8 +C10, y10+C12, y12+C14 and y14+C16, y16 (a) 

Said 3rd aspheric surface coefficient C [ in / it is expressed by the ******** type and / this aspheric surface type (a) ] 3 is - 
7x10-3 <=C3 <=-1x10-6. (1) 

The super-wide angle zoom lens characterized by satisfying ******. 

[Claim 2] Said constant of the cone kappa in said aspheric surface type (a) is -1<kappa<1. (2) 
A super-wide angle zoom lens according to claim 1 characterized by satisfying ******. 

[Claim 3] Said 1st lens component L11 in said 1st lens group G1 is 1.3 <=|fasp|/fw<=4, when it has an aspheric surface negative 
lens, a focal distance of said aspheric surface negative lens in said 1st lens component L1 1 is set to fasp and a focal distance 
of the zoom lens whole system in a wide angle edge is set to fw. (3) 

A super-wide angle zoom lens according to claim 1 or 2 characterized by satisfying ******. 

[Claim 4] When a focal distance of said 1st lens group G1 is set to f1, a focal distance of the zoom lens whole system in a wide 
angle edge is set to fw and a focal distance of the zoom lens whole system in a tele edge is set to ft 0.8 <=|f 1 |/(fw-ft) 1 /2 <=1.5 
(4), 

A super-wide angle zoom lens given in claim 1 characterized by satisfying ****** thru/or any 1 term of 3. 

[Claim 5] When a focal distance of said 1st lens group G1 is set to f1 and a focal distance of said 2nd lens group G2 in an 

infinite distance focus condition is set to f2, it is 0.1 <=|fl|/f2 <=0.95. (5) 

A super-wide angle zoom lens given in claim 1 characterized by satisfying ****** thru/or any 1 term of 4. 

[Claim 6] said 2nd lens group G2 — order from a body side — the 2nd — lens group pre-group G2F and 2nd lens ****** G2R - 
- having — said 2nd [ the ] — a super-wide angle zoom lens given in claim 1 characterized by performing a focus to the short- 
distance object point by moving only lens group pre-group G2F in accordance with an optical axis thru/or any 1 term of 5. 
[Claim 7] said 2nd [ the ] in an infinite distance focus condition in a wide angle edge — said 2nd [ in / an image formation scale 
factor of lens group pre-group G2F is set to betaw, and / an infinite distance focus condition in a tele edge / the ] — a time of 
setting an image formation scale factor of lens group pre-group G2F to betat, and setting a photography scale factor in the 
maximum contiguity photography condition in a tele edge to Mt — 0<|beta w-Mt/beta t|<1 (6) 
A super-wide angle zoom lens according to claim 6 characterized by satisfying ******. 

[Claim 8] said 2nd [ the ] — lens group pre-group G2F are mutually-independent — a super-wide angle zoom lens according to 
claim 6 or 7 characterized by having a cementation positive lens which has a positive lens and a negative lens the bottom, or 
consists of lamination of a positive lens and a negative lens, and said 2nd lens ****** G2R having a cemented lens Ln which 
consists of lamination of a heavy-gage positive lens and a heavy-gage negative lens. 

[Claim 9] Said cemented lens Ln in said 2nd lens ****** G2R is 0.58<dp/fw<3, when it consists of negative lenses of thin meat 
rather than a heavy-gage positive lens and a positive lens of this thickness meat, main thickness of said heavy-gage positive 
lens is set to dp and a focal distance of the zoom lens whole system in a wide angle edge is set to fw. (7) 
A super-wide angle zoom lens according to claim 8 characterized by satisfying ******. 

[Claim 10] For said 1st lens component L11 or said 2nd lens component L12 in said 1st lens group G1 At least one cementation 
negative lens which consists of lamination of a negative lens and a positive lens is contained. It is a super-wide angle zoom lens 
given in claim 1 characterized by a refractive index of said negative lens in said cementation negative lens being larger than a 
refractive index of said positive lens, and the Abbe number of said negative lens being smaller than the Abbe number of said 
positive lens thru/or any 1 term of 9. 

[Claim 11] A zoom lens which performs variable power by having the 1st lens group G1 which is characterized by providing the 
following, and which has negative refractive power sequentially from a body side, and the 2nd lens group G2 which has positive 
refractive power, and changing an air gap of said 1st lens group G1 and said 2nd lens group G2 said 2nd lens group G2 — order 
from a body side — the 2nd — lens group pre-group G2F 2nd lens ****** G2R — having — said 2nd [ the ] — the 1st lens 
component L11 for which a focus to the short-distance object point is performed, and said 1st lens group G1 has negative 
refractive power sequentially from a body side by moving only lens group pre-group G2F in accordance with an optical axis The 
2nd lens component L12 which has negative refractive power It has a positive refractive-power 3 lens component L13. Said 2nd 
lens ****** G2R A lens component LR 1 which has positive or negative refractive power in order from a body side a lens 
component LR 2 which has positive refractive power — at least — having — said 2nd [ the ] — a time of setting a focal 
distance of lens group pre-group G2F to f2F. and setting a focal distance of the zoom tens whole system in a wide angle edge 
to fw — 2.8 <=f2 F/fw<=8 (8) 

An internal-focusing zoom lens characterized by satisfying ******. 

[Claim 12] When a focal distance of said 1st lens group G1 is set to f1 and a focal distance of the 2nd lens group G2 in an 
infinite distance focus condition is set to f2, it is 0.1 <=|fl|/f2 <=0.95. (9) 
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An internal-focusing zoom lens according to claim 1 1 characterized by satisfying ******. 

[Claim 13] When radius of curvature of a field by the side of a body of said 3rd lens component L13 in said 1st lens group G1 is 
set to rb and radius of curvature of a field by the side of an image of said 3rd lens component L13 is set to rc -0.5 <=(rc+rb)/ 
(rc-rb)<=1 (10) . 

An internal-focusing zoom lens according to claim 11 or 12 characterized by satisfying ******. 

[Claim 14] said 2nd [ the ] in an infinite distance focus condition in a wide angle edge — said 2nd [ in / an image formation 

scale factor of lens group pre-group G2F is set to betaw, and / an infinite distance focus condition in a tele edge / the ] — a 

time of setting an image formation scale factor of lens group pre-group G2F to betat, and setting a photography scale factor in 

the maximum contiguity photography condition in a tele edge to Mt — 0<|beta w-Mt/beta t|<1 (11) 

An internal-focusing zoom lens given in claim 1 1 characterized by satisfying ****** thru/or any 1 term of 13. 

[Claim 15] It is 0.8<ra/rb<3, when radius of curvature of a field by the side of an image of said 2nd lens component L12 in said 

1st lens group G1 is set to ra and radius of curvature of a field by the side of a body of said 3rd lens component L13 in said 1st 

lens group G1 is set to rb. (12) 

An internal-focusing zoom lens given in claim 1 1 characterized by satisfying ****** thru/or any 1 term of 14. 

[Claim 16] Said lens component LR 1 in said 2nd lens ****** G2R is 0.58<dp/fw<3, when it consists of negative lenses of thin 

meat rather than a heavy-gage positive lens and a positive lens of this thickness meat, main thickness of said heavy-gage 

positive lens is set to dp and a focal distance of the zoom lens whole system in a wide angle edge is set to fw. (13) 

An internal-focusing zoom lens given in claim 1 1 characterized by satisfying ****** thru/or any 1 term of 15. 

[Claim 17] said 2nd [ the ] — lens group pre-group G2F are mutually-independent — whether it has a positive lens and a 

negative lens the bottom It has a cementation positive lens which consists of lamination of a positive lens and a negative lens. 

Or said lens component LR 1 in said 2nd lens ****** G2R It has a cemented lens which consists of lamination of a heavy-gage 

positive lens and a heavy-gage negative lens. Said lens component LR 2 in said 2nd lens ****** G2R An internal-focusing zoom 

lens given in claim 11 characterized by including a cementation positive lens which consists of lamination of a negative lens and 

a positive lens thru/or any 1 term of 16. 

[Claim 18] An internal-focusing zoom lens given in claim 1 1 characterized by including the page [ 1st / at least ] aspheric 
surface in said 1st lens component L1 1 or said 2nd lens component L12 in said 1st lens group G1 thru/or any 1 term of 17. 
[Claim 19] For said 1st lens component L1 1 or said 2nd lens component L12 in said 1st lens group G1 At least one cementation 
negative lens which consists of lamination of a negative lens and a positive lens is contained. It is an internal-focusing zoom 
lens given in claim 1 1 characterized by a refractive index of said negative lens in said cementation negative lens being larger 
than a refractive index of said positive lens, and the Abbe number of said negative lens being smaller than the Abbe number of 
said positive lens thru/or any 1 term of 18. 



[Translation done.] 
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* NOTICES * 
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3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the super-wide angle zoom lens which has 
the large field angle of a negative precedence mold, and the internal-focusing zoom lens which has the large field angle of a 
negative precedence mold about a zoom lens. 
[0002] 

[Description of the Prior Art] A few [ although many so-called wide angle zoom lenses which begin from a body side in order of 
a negative lens group and a positive lens group are proposed conventionally / the proposal of the super-wide angle zoom lens 
which covers a field of a super-wide angle which exceeds the maximum field angle of 100 degrees ]. For example, the super- 
wide angle zoom lens of 3 group configurations which have the maximum field angle of 112.7 degrees and have the aperture of 
the f number 3.5 is proposed by JP t 4-15612,A. 

[0003] Moreover, the super-wide angle zoom lens of 4 group configurations which have the maximum field angle of 1 11.2 
degrees, have the aperture of the f number 4.1, and have an about 1.6 times as many variable power ratio as this is proposed by 
JP,4-235514,A and JP.4-235515.A concerning application of the same applicant as this invention. Furthermore, the super-wide 
angle zoom lens of 2 group configurations which have the maximum field angle of 107 degrees, have the aperture of the f 
number 4.1. and have an about 1 .75 times as many variable power ratio as this is proposed by JP.9-171 139 ,A and JP,9- 
171140.A concerning application of the same applicant as this invention. 

[0004] The method which, on the other hand, lets out the 1st lens group of negative refractive power as a short-distance focus 
method in the zoom lens of a negative precedence mold (type whose 1st lens group by the side of a body has negative 
refractive power most) was more common than before. This is because there is an advantage that the movement magnitude 
(focus movement magnitude) of the focussing-lens group to the same distance object point becomes fixed in each focal 
distance condition, by this 1 group delivery method at the time of variable power. However, in the case of the so-called super- 
wide angle zoom lens, the 1st lens group of negative refractive power is enlarged for the large field angle, it becomes a 
configuration complicated on the whole, and there is orientation for configuration number of sheets to also increase. Moreover, 
if 1 group delivery method is adopted as the optical system by which recent years were made autofocus, since enlargement of a 
focussing-lens group will worsen the response at the time of a focus, it is not desirable. Therefore, a wide angle zoom lens of 
the so-called inner ****** which focuses henceforth [ the 2nd lens group which is a small positive lens group located in an 
image side rather than the large-sized 1st lens group ] was desired. 

[0005] Moreover, especially in one side, in the zoom lens which covers a super-wide angle field, it has a still higher variable 
power ratio, and was diameter[ of macrostomia ]-ized further, and the manufacture assembly was easy, it was small, and the 
lens configuration and lens type which were excellent in cost performance were desired. In order to satisfy such conditions, the 
2nd lens group which is a small positive lens group is divided, the zoom lens of 2 group configurations of the negative 
precedence mold of the method which focuses by moving that pre-group is the optimal, and some proposal is made about this 
kind of zoom lens. In addition, the zoom lens indicated by JP,60-55310,A in ancient times as this kind of a zoom lens is known. 
Furthermore, the zoom lens indicated by JP,8-327907,A is known as this kind that advanced the miniaturization of a zoom lens. 
[0006] Moreover, the zoom lens of the method which focuses by dividing the 2nd lens group of 4 negative positive/negative 
positive group configurations into JP.5-173070.A, and moving some of the lens groups to it is indicated. Furthermore, the zoom 
lens of the method which focuses by moving the 2nd lens group of 3 group configurations of ****** or the 2nd lens group of 5 
**** positive/negative positive group configurations is indicated by JP.8-248312A JP,8-304704,A, and JP.8-248314.A. 
Moreover, in them, it has a high variable power ratio, covering the field of a super-wide angle in JP,9-171 1 39 ,A and JP.9- 
171 140.A concerning application of the same applicant as this invention, and the zoom lens of a small and highly efficient **** 2 
group configuration is indicated. 
[0007] 

[Problem(s) to be Solved by the Invention] If it is going to realize the zoom lens which covers a large field angle and generally 
has a high variable power ratio and comparatively large aperture, amendment of many aberration over the axial outdoor daylight 
line by the side of a wide angle and the axial Uemitsu line by the side of looking far will become a problem. With the conventional 
wide angle zoom lens, there are not the oddth term of an aspheric surface coefficient and especially an example that has 
amended many above-mentioned aberration using the aberration amendment effect of the 3rd term. 

[0008] In the zoom lens indicated by JP,4-15612,A, the 1st page of the aspheric surface is established in the positive lens in 
the 1st lens group of negative refractive power, and aberration **** is performed focusing on the distortion aberration by the 
side of a wide angle. Generally, even if the positive lens which has been arranged more at the body side in the case of a super- 
wide angle lens which exceeds especially the maximum field angle of 100 degrees, or a super-wide angle zoom lens decreases 
the absolute magnitude of distortion aberration, it has the orientation to which the variation (equivalent to an inclination or a 
differential value) of the distortion aberration by the difference of a field angle is made to increase. In addition, this point is the 
same also about the chromatic aberration of magnification or astigmatism. 

[0009] Therefore, the configuration of JP,4~15612,A cannot satisfy the amendment condition of many aberration including 
distortion aberration preferably in aberration amendment, either. Moreover, since necessary precision becomes severe also in 
manufacture, the configuration of this official report is not desirable. Furthermore, since growing gigantic of a positive lens 
located more in a body side, as a result growing gigantic of front **** are caused, it cannot equip with an attachment filter. 
Thus, the zoom lens of the indication to JP,4-15612,A is large-sized, a variable power ratio is also small, and the further rate[ of 
high variable power ]-izing, a miniaturization, and high performance-ization are desired. 

[0010] Moreover, in the zoom lens currently indicated by JP,4-235514,A and JP.4- 23551 5,A, it has the maximum field angle of 
112 degrees, the 1st page of the aspheric surface is established in the 1st lens (most lens by the side of a body), and aberration 
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amendment is performed focusing on the distortion aberration by the side of a wide angle. However, the zoom lens of an 
indication in these official reports has a large-sized overall length, and its front **** is also large-sized. Moreover, the 
amendment condition of many aberration including distortion aberration cannot be satisfied, either, and the further rate[ of high 
variable power ]-izing, a miniaturization, and high performance-ization are desired, furthermore, 2 group configurations 
comparatively small and simple in JP.9-171 139.A and JP.9-171 140.A — a high speed steel — the peck zoom lens is realized. 
However, the further diameter[ of macrostomia ]-izing, rate[ of high variable power ]-izing, a miniaturization, and high 
performance-ization are desired also to this kind of zoom lens. 

[0011] the zoom lens currently indicated on the other hand by JP.60-55310.A and JP.8-327907.A about a focus method — the 
maximum field angle — 2 — omega= 64 degrees - about 85 degrees — small — a base [ arrangement / of such optical 
system / the configuration and power (refractive power) arrangement ] — carrying out — the further wide-angleHzing and high 
twice — it is difficult to advance-izing. Moreover, it cannot be satisfied with these official reports of the zoom lens of an 
indication in optical-character ability. 

[0012] Moreover, as mentioned above, the 2nd lens group of 4 negative positive/negative positive group configurations is 
divided into JP.5-173070.A, and the multi-group zoom lens of the method which focuses at the short-distance object point is 
indicated by moving the pre-group. However, the zoom lens of an indication in this official report has a complicated and large- 
sized lens group configuration, and the maximum field angle is also covered only to about 94 degrees. Therefore, when wide 
angle-ization is further advanced on the basis of this lens configuration and power arrangement, it may enlarge further. 
[0013] Furthermore, in the zoom lens currently indicated by JP.8-248312.A. JP,8-304704,A. and JP.8-248314.A. since the 
focussing-lens group had adopted the configuration moved independently with last thing also at the time of variable power, 
although the layout flexibility with the small maximum field angle by the side of a wide angle was increasing, structure became 
complicated, the cause of the eccentricity at the time of an assembly increased, and it has led to the cost rise as a result. 
Moreover, it cannot be satisfied with these official reports of the zoom lens of an indication in optica I -character ability. 
[0014] Moreover, the structure of the zoom lens currently indicated by JP,9-171 139.A and JP, 9-171 140.A is also simple, there 
is also little configuration number of sheets, and it is a super-wide angle zoom lens exceeding field angle 2omega=100 degree. 
However, since general 1 group delivery method to which the 1st lens group is moved on the occasion of a short-distance focus 
is adopted, as mentioned above, a focussing-lens group may be large-sized and may worsen the response at the time of a 
focus. Moreover, with the zoom lens of an indication, while improving short-distance aberration fluctuation in these official 
reports greatly, it advances the further high-performance-izing and the further miniaturization and is required for them. 
[0015] This invention is made in view of the above-mentioned technical problem, covers the super-wide angle field where the 
maximum field angle exceeds 100 degrees, and aims at offering the small and highly efficient super-wide angle zoom lens which 
has a comparatively large aperture ratio and a variable power ratio. Moreover, it excels in cost performance by the simple lens 
group configuration and configuration number of sheets, the super-wide angle field where the maximum field angle exceeds 100 
degrees is covered, and it aims at offering the small and highly efficient internal-focusing zoom lens which has a comparatively 
large aperture ratio and a variable power ratio. 
[0016] 

[Means for Solving the Problem] In order to solve said technical problem, in the 1st invention of this invention Sequentially from 
a body side, it has the 1st lens group G1 which has negative refractive power, and the 2nd lens group G2 which has positive 
refractive power. In a zoom lens which performs variable power by changing an air gap of said 1st lens group G1 and said 2nd 
lens group G2 said 1st lens group G1 The 1st lens component L1 1 which has negative refractive power as a whole sequentially 
from a body side including at least one aspheric lens, It has the 2nd lens component L12 which has negative refractive power, 
and the 3rd lens component L13 which has positive refractive power, distance (the amount of sags) which set height of a 
direction perpendicular to an optical axis to y. and met an optical axis from a tangential plane of top-most vertices of the 
aspheric surface in height y to the aspheric surface — S (y) — carrying out — radius of curvature of criteria — R — carrying 
out — a constant of the cone — kappa — carrying out — the n-th aspheric surface coefficient — Cn **, when carrying out 
The aspheric surface of said aspheric lens in said 1st lens component L11 is [Equation 2]. 
S (y) =(y2 / R)/{1+(1-kappa-y 2 / R2) 1 / 2} 

+ C3, |y|3+C4, y4+C6 and y6+C8, and y8 +C10, y10+C12. y12+C14 and y14+C16, y16 (a) 

Said 3rd aspheric surface coefficient C [ in / it is expressed by the ******** type and / this aspheric surface type (a) ] 3 is - 
7x10-3 <=C3 <=-1x10-6. (1) 

The super-wide angle zoom lens characterized by satisfying ****** is offered. 

[0017] Said constant of the cone [ according to the desirable mode of the 1st invention ] kappa in said aspheric surface type 
(a) is -1<kappa<1.(2) 

****** is satisfied. Moreover, said 1st lens component L11 in said 1st lens group G1 is 1.3 <=|fasp|/fw<=4, when it has an 
aspheric surface negative lens, the focal distance of said aspheric lens in said 1st lens component L1 1 is set to fasp and the 
focal distance of the zoom lens whole system in a wide angle edge is set to fw. (3) 
It is desirable to satisfy ******. 

[0018] The 1st lens group G1 which has negative refractive power sequentially from a body side by the 2nd invention of this 
invention on the other hand, In the zoom lens which performs variable power by having the 2nd lens group G2 which has positive 
refractive power, and changing the air gap of said 1st lens group G1 and said 2nd lens group G2 said 2nd lens group G2 — the 
order from a body side — the 2nd — with lens group pre-group G2F The focus to the short-distance object point is performed 
by moving only lens group pre-group G2F in accordance with an optical axis. 2nd lens ****** G2R — having — said 2nd [ the ] 
— said 1st lens group G1 The 1st lens component L1 1 which has negative refractive power sequentially from a body side, and 
the 2nd lens component L12 which has negative refractive power, It has the 3rd lens component L13 which has positive 
refractive power. Said 2nd lens ****** G2R The lens component LR 1 which has positive or negative refractive power in order 
from a body side the lens component LR 2 which has positive refractive power — at least — having — said 2nd [ the ] — the 
time of setting the focal distance of lens group pre-group G2F to f2F, and setting the focal distance of the zoom lens whole 
system in a wide angle edge to fw — 2.8 <=f2 F/fw<=8 (8) 

The internal-focusing zoom lens characterized by satisfying ****** is offered. 

[0019] When according to the desirable mode of the 2nd invention the focal distance of said 1st lens group G1 is set to f1 and 
the focal distance of the 2nd lens group G2 in an infinite distance focus condition is set to f2, it is 0.1 <=|f1 |/f2 <=0.95. (9) 
****** is satisfied. Moreover, when the radius of curvature of the field by the side of the body of said 3rd lens component L13 
in said 1st lens group G1 is set to rb and the radius of curvature of the field by the side of the image of said 3rd lens 
component L13 is set to rc -0.5 <=(rc+rb)/(rc-rb)<=1 (10) , 
It is desirable to satisfy ******. 
[0020] 

[Embodiment of the Invention] First, the fundamental structure of the 1st invention is explained. In addition, in this specification, 
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a "lens component" is a large concept including the set of a single lens or a cemented lens. Therefore, one lens component is 
the same as one lens group in the largest concept. The 1st invention realizes wide-angle[ super-]-izing. a raise in variable 
power, and a miniaturization in the zoom lens type of 2 group configurations which have negative and positive refractive-power 
arrangement fundamentally, and is highly efficient and is characterized [ greatest ] by realizing a zoom lens with comparatively 
large aperture. As this class, in optical system with comparatively large aperture with a very large and field angle, especially a 
characteristic thing is that the spherical aberration by the side of distortion aberration, coma flare, and looking far is amended 
very good, and is the point that in addition this optical system is realized by negative and positive 2 group zoom lens. These 
features are because it is possible to make the aberration amendment effect which is not looked at by the conventional 
technology to the aspheric surface introduced into the 1st lens component L1 1 in the 1st lens group G1 of negative refractive 
power pay. 

[0021] Here, the relation between the aspheric surface and aberration amendment, especially the relation between the aspheric 
surface coefficient of the oddth term and aberration amendment are explained. Generally, since optical system is formed in the 
symmetry of revolution, the aspheric surface is expressed by the sum of the series of the eventh term. However, in the 1st 
invention, the oddth term is introduced, the formula, i.e., the aspheric surface type, showing the aspheric surface, and the oddth 
term is more effectively utilized to aberration amendment. If the aspheric surface is considered in a meridional side, by the 
oddth term, the value of the amount X of sags changes with signs of the image quantity Y, and I can regard symmetry-of- 
revolutton nature as not being materialized. However, in the rectangular coordinates (X, Y, Z) which set up the X-axis in 
accordance with the optical axis, if it thinks by rho=root (Y2+Z2), a sign will be in agreement and symmetry-of-revolution nature 
will be materialized. 

[0022] When a lens side (refracting interface) is the aspheric surface expressed with the eventh term of rho, the amount X of 
sags of the aspheric surface is expressed with the following formula (b). 
X=C2 rho2+C4 rho4+C6 rho6+ .... (b) 

Moreover, generally it is expressed with the following formula (c). 
X=rho 2 and (1/2r) +C4 rho4+C6 rho6+ .... (c) 

[0023] Also in a spherical-surface system, also in the aspheric surface which has only the aspheric surface coefficient of the 
eventh term, although the formula showing a refracting interface is expressed only with the eventh term of rho therefore, the 
3rd aberration is generated. Therefore, when the aspheric surface type showing a refracting interface includes the oddth term, 
the eventh aberration which does not exist until now, such as secondary aberration and the 4th aberration, will occur. Moreover, 
it is a single curved surface, and if the case of the aspheric surface is assumed, spherical aberration just corresponds to an 
aspheric surface coefficient. Therefore, introducing the aspheric surface coefficient of the oddth term into an aspheric surface 
type is exactly just that the aberration amendment effect which is not acquired is acquired by the spherical-surface system. 
[0024] Here, the 3rd term and the 5th ********, and the following aspheric surface type (d) are obtained by the aspheric 
surface type (c) which has only the aspheric surface coefficient of the eventh term. 
[Equation 3] 

X=rho 2 and (1/2r) +C3 rho3+C4 rho4+C5 rho 5 +C6 rho6+ .... (d) 

[0025] When it follows, for example, the secondary spherical aberration is derived, it comes to be shown in the following 
formulas (e). 
[Equation 4] 

delta Yk' = (3 (nk' and uk') and -1} 

x(sigma(i=1-k) (ni </SUB>' - ni) C3 i— Hi 3} xR2 (e) 

It is here, and in deltaY, h shows the incidence high and R shows [ the secondary spherical aberration ] the entrance pupil 
radius for the 3rd aspheric surface coefficient [ in / u / refractive index / n / for the angle with an optical axis to make / in 
C3i / each side ]. moreover, sigma (i=1-k) — i= 1 from — i=k up to — total is expressed. 

[0026] Therefore, to the 3rd spherical aberration being proportional to the 4th power incidence high [ h ], and being proportional 
to the cube of the entrance pupil radius R, the secondary spherical aberration is proportional to a cube incidence high [ h ], and 
proportional to the square of the entrance pupil radius R. Therefore, by introducing the 3rd term (3rd aspheric surface 
coefficient), the aberration of a low degree which was not able to be amended until now can be amended, and, as a result, the 
further spec, rise and high performance-ization are attained. Naturally, it is the same about other aberration, such as distortion 
aberration and comatic aberration. When the above aspheric surfaces are introduced into the 1st lens component L1 1 in the 1st 
lens group G1 of the negative refractive power of a super-wide angle zoom lens like especially the 1st invention, the amendment 
capacity of the negative distortion aberration of a low degree by the side of a wide angle becomes high, therefore, although the 
inclination (differential value) to the image quantity of distortion aberration was large and was carrying out the so-called military 
hat configuration with the conventional technology, distortion aberration is markedly alike with installation of the 3rd term to an 
aspheric surface type, and it is improved. 

[0027] Moreover, since the aberration of a low degree can be similarly amended more to fitness about comatic aberration and 
spherical aberration, the negative aberration of the incidence high comparatively low portion produced by enlarging aperture is 
amended good, and it becomes possible to make circle of least confusion small. It is especially a looking-far side, and is 
effective, and diameter-ization of macrostomia is attained. Moreover, in the 1st invention, since it is [ the effect ] larger for the 
angle of deviation alpha over the axial Yukimitsu Kamihira line by the side of looking far (land light) to introduce into a large lens 
side, it is desirable to introduce the above aspheric surfaces into the lens side which turned the concave surface to the image 
side. 

[0028] Hereafter, the conditional expression of the 1st invention is explained. In the 1st invention, the aspheric surface of the 
aspheric lens in the 1st lens component L11 is expressed by the above-mentioned formula (a), and the following conditional 
expression (1) is satisfied. 
- 7X10-3 <=C3 <=-1X10-6 (1) 

Here, it is C3. It is the 3rd aspheric surface coefficient in the formula (a) showing the aspheric surface of the aspheric lens in 
the 1 st lens component L1 1 . 

[0029] Conditional expression (1) is conditional expression which specifies a suitable range about the 3rd aspheric surface 
coefficient in the formula (a) showing the aspheric surface introduced into the 1st lens component L1 1 in the 1st lens group G1 
of negative refractive power. When expressed by the aspheric surface formula (a) as which the aspheric surface introduced into 
the 1st lens component L1 1 was specified by the 1st invention, in order to amend spherical aberration and comatic aberration 
for distortion aberration and comatic aberration to a wide angle side at fitness at a looking-far side, respectively, the suitable 
conditioning of the 3rd term is required as mentioned above. 

[0030] Exceeding the upper limit of conditional expression (1) means that the absolute value component of the 3rd aspheric 
surface coefficient which has a negative value becomes small. If it exceeds this upper limit, the effect of each above aberration 
amendments will fade and it will become impossible therefore, to fully employ the effect of this invention efficiently. In addition, 
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if the upper limit of conditional expression (1) is set as -5x10-6, better aberration amendment can be performed. Moreover, it is 
a book when the upper limit of conditional expression (1) is set as -1x10-5. 

[0031] On the other hand, that it is less than the lower limit of conditional expression (1) means that the absolute value 
component of the 3rd aspheric surface coefficient which has a negative value becomes very large. If less than this lower limit, 
especially, the spherical aberration of an incidence high comparatively low place will displace to a positive direction greatly 
under the effect of the secondary spherical aberration, the inclination (differential value) of spherical aberration will become 
large as a result, the so-called wave will become remarkable, and optical-character ability will fall. Moreover, as mentioned 
above, many aberration, such as comatic aberration and distortion aberration, also serves as excess of amendment, and a result 
to which an aberration amendment condition gets worse conversely is brought. In addition, if the lower limit of conditional 
expression (1) is set as -5x10-3. better aberration amendment can be performed. Moreover, it is a book when the lower limit of 
conditional expression (1) is set as -1x10-3. 

[0032] Moreover, in the 1st invention, it is desirable to satisfy the following conditional expression (2). 
- 1< KappaO (2) 

Here, kappa is a constant of the cone in the formula (a) showing the aspheric surface of the aspheric lens in the 1st lens 
component L11. 

[0033] Conditional expression (2) is conditional expression which specifies a suitable range about the constant of the cone 
kappa in the formula (a) showing the aspheric surface introduced into the 1st lens component L1 1 in the 1st lens group G1. 
When expressed by the aspheric surface formula (a) as which the aspheric surface introduced into the 1st lens component L1 1 
was specified by the 1st invention, still better aberration amendment is attained by utilizing the term of a constant of the cone 
kappa in addition to the 3rd term set as the suitable value. In the 1st invention, amendment of the distortion aberration by the 
side of a wide angle and amendment of comatic aberration are especially helped by setting up a constant of the cone kappa so 
that conditional expression (2) may be satisfied, and using the aspheric surface which used secondary curved surfaces other 
than the spherical surface as the base. 

[0034] If it exceeds the upper limit of conditional expression (2), since a constant of the cone kappa becomes large too much, 
the configuration of a refracting interface will exceed the spherical surface, curvature will become the aspheric surface where 
curvature has elliptical [ strong ] by the periphery weakly near the optical axis and a bad influence will attain to reverse at 
amendment of the distortion aberration by the side of a wide angle, and **** of comatic aberration, it is not desirable. In 
addition, if the upper limit of conditional expression (2) is set as 0.8, still better aberration amendment will be attained. 
Moreover, it is a book when the upper limit of conditional expression (2) is set as 0.5. 

[0035] On the other hand, if less than the lower limit of conditional expression (2), a constant of the cone kappa will become 
small too much, and will serve as the aspheric surface where the curvature of a circumference portion is remarkable and weak. 
Consequently, when introducing the aspheric surface into the negative lens comparatively located in a body side like the 1st 
invention, since the refractive power of a circumference portion becomes weaker, the incidence high of an oblique ray becomes 
high and a possibility that front **** will be enlarged becomes high, it is not desirable. In addition, the further miniaturization is 
realizable if the lower limit of conditional expression (2) is set as -0.8. Moreover, it is a book when the lower limit of conditional 
expression (2) is set as -0.5. 

[0036] Moreover, in the 1st invention, it is desirable for the 1st lens component L1 1 to have an aspheric surface negative lens, 
and to satisfy the following conditional expression (3). 
1.3 <=|fasp|/fw<=4 (3) 

Here, fasp is the focal distance of the aspheric surface negative lens in the 1st lens component L11. Moreover, fw is the focal 
distance of the zoom lens whole system in a wide angle edge. 

[0037] Conditional expression (3) has specified the suitable range about the power (refractive power) of the aspheric surface 
negative lens in the 1st lens component L1 1. Since the aberration amendment effect by the aspheric surface will decrease if it 
means that the power of the aspheric surface negative lens in the 1st lens component L1 1 becomes small and exceeds this 
upper limit, it is not desirable to exceed the upper limit of conditional expression (3). Moreover, in order that the power of a 
negative lens located more in a body side may decrease, since front **** is enlarged, it is not desirable. In addition, if the upper 
limit of conditional expression (3) is set as 3.5, better aberration amendment and the further miniaturization are realizable. 
Moreover, it is a book when the upper limit of conditional expression (3) is set as 3. 

[0038] On the other hand, since it will become difficult to manufacture an aspheric lens if the power of the aspheric surface 
negative lens in the 1st lens component L1 1 means becoming remarkably large and it is less than this lower limit that it is less 
than the lower limit of conditional expression (3). it is not desirable. Moreover, the eccentric permissible dose at the time of an 
assembly also becomes severe, and since producing commercially becomes difficult, it is not desirable. In addition, if the lower 
limit of conditional expression (3) is set as 1.4. a zoom lens with a still easier manufacture assembly is realizable. Moreover, it is 
a book when the lower limit of conditional expression (3) is set as 1.5. 

[0039] In addition, in the 1st invention, since it is the material with which the resin of an aspheric surface portion cannot exist 
independently in optical system when using the so-called compound-die aspheric lens which consists of compound with a glass 
material and a resin material as an aspheric lens, naturally let the synthetic focal distance of the resin material section and the 
glass material section be the focal distance fasp of an aspheric lens. 

[0040] Moreover, in the 1st invention, it is desirable to satisfy the following conditional expression (4). 
0.8 <=|fl|/(fw-ft)1/2 <=1.5 (4) 

Here, f1 is the focal distance of the 1st lens group G1. Moreover, fw and ft are the focal distances of the zoom lens whole 
system in a wide angle edge and a tele edge, respectively. 

[0041] Conditional expression (4) has specified the suitable range about the power of the 1st lens group G1. an overall length 
[ in / when the value of this conditional expression (4) is 1 / a wide angle edge ], and the overall length in a tele edge — equal - 
- becoming — a variable power region (zoom region) — in a central focal distance condition, the image formation scale factor of 
the 2nd lens group G2 whole is exactly set to -1 (actual size). Since an overall length will become max, the power of the 1st 
lens group G1 will become weak in a wide angle edge, optical system is enlarged and filter size also becomes large, it is not 
[ be / it / if / it exceeds the upper limit of conditional expression (4), ] desirable. In addition, if the upper limit of conditional 
expression (4) is set as 1.4, it is advantageous because of the further minor-diameter-izing. Moreover, it is a book when the 
upper limit of conditional expression (4) is set as 1.3. 

[0042] On the other hand, in a wide angle side, if less than the lower limit of conditional expression (4), since an overall length 
will become max in a tele edge and the power of the 1st lens group G1 will become strong, since it has a bad influence on 
amendment of distortion aberration and comatic aberration by the looking-far side at amendment of spherical aberration and 
comatic aberration, it is not desirable. In addition, aberration amendment will become easier if the lower limit of conditional 
expression (4) is set as 0.85. Moreover, it is a book when the lower limit of conditional expression (4) is set as 0.9. 
[0043] Moreover, in the 1st invention, it is desirable to satisfy the following conditional expression (5). 
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0.1 <=|f 1 |/f2 <=0.95 (5) 

Here, f1 is the focal distance of the 1st lens group G1. Moreover, f2 is the focal distance of the 2nd lens group G2 in an infinite 
distance focus condition. 

[0044] Conditional expression (5) is the conditional expression for setting up suitable power balance between the 1st lens group 
G1 and the 2nd lens group G2. As mentioned above, the 1st invention proposes the optimal solution for a super-wide angle 
zoom lens. The suitable power balance of the 1st lens group G1 of negative refractive power and the 2nd lens group G2 of 
positive refractive power is required when setting up the whole good aberration balance and practical magnitude appropriately, 
and it is desirable to satisfy this conditional expression (5). 

[0045] When it exceeds the upper limit of conditional expression (5), compared with the 2nd lens group G2, the 1st lens group 
G1 will consist of weak power. Therefore, since the 1st lens group G1 is enlarged, and front **** is enlarged so that use of a 
filter becomes difficult, it is not desirable, moreover, it mentions later — as — the 2nd lens group G2 — the 2nd — lens group 
pre-group G2F and 2nd lens ****** G2R — dividing — the 2nd — the case where it focuses by moving lens group pre-group 
G2F — the 2nd [ required for the migration at the time of a focus ] — since it becomes impossible to fully secure the air gap of 
lens group pre-group G2F and it becomes impossible to obtain sufficient short-distance photography scale factor, it is not 
desirable. In addition, if the upper limit of conditional expression (5) is set as 0.85, it is possible to acquire the solution of 
practical magnitude. Moreover, if the upper limit of conditional expression (5) is preferably set as 0.8 and a pan 0.7. the effect of 
this invention can be demonstrated to the maximum extent. 

[0046] On the other hand, when less than the lower limit of conditional expression (5), compared with the 2nd lens group G2, 
the 1st lens group G1 will consist of strong power. Therefore, in the case of the zoom lens which has a large field angle like the 
1st invention, since amendment of the aberration over an oblique ray with a large field angle especially distortion aberration, and 
a curvature of field gets worse especially in a wide angle side, it is not desirable. Moreover, since the aberration fluctuation at 
the time of a focus gets worse, it is not desirable. In addition, if the lower limit of conditional expression (5) is set as 0.2, better 
aberration amendment is realizable. Moreover, it is a book when the lower limit of conditional expression (5) is set as 0.3. 
[0047] Moreover, in the 1st invention, fluctuation of many aberration has realized few focus methods not only the improvement 
in the engine performance to the infinite distance object point but ranging from the infinite distance focus condition to a short- 
distance focus condition further. As for the 1st invention, it is most effective to apply to the zoom lens of a **** 2 group 
configuration, the 1st invention — the 2nd lens group G2 — the order from a body side — the 2nd — lens group pre-group 
G2F and 2nd lens ****** G2R — having — this 2nd [ the ] — it focuses by moving only lens group pre-group G2F. in order to 
enlarge aperture of the zoom lens whole system and to amend many aberration including spherical aberration good 
fundamentally — the 2nd — it is advantageous that lens group pre-group G2F have positive refractive power, moreover — 
while setting up the ** TTSUBARU sum good, in order to mitigate fluctuation by the focus of axial overtone aberration and 
spherical aberration as much as possible — the 2nd — lens group pre-group G2F are mutually-independent — it is desirable to 
have the cementation positive lens which has a positive lens and a negative lens the bottom, or consists of lamination of a 
positive lens and a negative lens. 

[0048] Moreover, in the 1st invention, it is desirable to satisfy the following conditional expression (6). 
0<|beta w-Mt/beta t|<1 (6) 

the 2nd [ in / respectively / here / in betaw and betat / the infinite distance focus condition in a wide angle edge and a tele 
edge ] — it is the image formation scale factor of lens group pre-group G2F. Moreover, Mt is a photography scale factor in the 
maximum contiguity photography condition in a tele edge. 

[0049] the 2nd whose conditional expression (6) is a focussing-lens group — the suitable range is specified about the ratio of 
the image formation scale factor in the wide angle edge of lens group pre-group G2F, and the image formation scale factor in a 
tele edge, the 2nd — in lens group pre-group G2F, by the wide angle edge and the tele edge, when an image formation scale 
factor contains infinity near the center of near and a variable power region, the absolute value of an image formation scale 
factor The difference of the amount of deliveries of lens group pre-group G2F (focus movement magnitude) becomes min. the 
2nd to the same photographic subject distance in each focal distance condition — Since gap of a focusing point falls within the 
range of depth of field in the zoom lens under certain conditions, the cam for amending a focusing point becomes unnecessary 
and lens-barrel structure becomes easy, it becomes in cost and advantageous. This conditional expression (6) has the form 
where the photography scale factor Mt at the time of the shortest photography by the tele edge was further taken into 
consideration. 

[0050] as when exceeding the upper limit of conditional expression (6) — the 2nd in a wide angle edge — the case where the 
image formation scale factor of lens group pre-group G2F becomes remarkably large, and the case where the photography scale 
factor of the whole system at the time of the shortest photography is remarkable, and large can be considered, first, the 2nd 
which is a focussing-lens group, for example in the case of the former — the case where lens group pre-group G2F have 
positive power — a value positive, in an image formation scale factor — taking — the 2nd of an axial Yukimitsu Kamihira line — 
the angle of deviation when injecting lens group pre-group G2F covers the whole variable power region, and comes to emit, 
therefore, the 2nd to the same photographic subject distance in each focal distance condition — since the difference of the 
amount of deliveries of lens group pre-group G2F becomes remarkably large, it is not desirable. Moreover, since the aberration 
fluctuation at the time of a focus also increases, it is not desirable. 

[0051] On the other hand, since in the case of the latter focus movement magnitude becomes large too much by this focusing 
point method and the whole lens system is enlarged, it is not desirable, moreover, the 2nd — the 2nd to the same photographic 
subject distance in each focal distance condition even if it has satisfied the conditions above-mentioned [ the image formation 
scale factor of lens group pre-group G2F ] — since the difference of the amount of deliveries of lens group pre-group G2F 
becomes large, it is not desirable. In addition, if the upper limit of conditional expression (6) is set as 0.8, it is advantageous 
because of the further minor-diameter-izing. Moreover, it is a book when the upper limit of conditional expression (6) is set as 
0.5 still more preferably 0.3. 

[0052] Moreover, in the 1st invention, it is desirable to have the cemented lens Ln with which 2nd lens ****** G2R consists of 
lamination of a heavy-gage positive lens and the negative lens of thin meat, and to satisfy the following conditional expression 

(7). 

0.58<dp/fw<3 (7) 

Here, dp is the main thickness of a heavy-gage positive lens. Moreover, fw is the focal distance of the zoom lens whole system 
in a wide angle edge, as mentioned above. 

[0053] Conditional expression (7) has specified the suitable range about the main thickness (thickness in alignment with an 
optical axis) of the heavy-gage positive lens which constitutes the cemented lens Ln in 2nd lens ****** G2R. If it exceeds the 
upper limit of conditional expression (7), since the main thickness of the heavy-gage positive lens which constitutes a cemented 
lens Ln will become large too much and lens processing will become difficult, it is not desirable. Moreover, since the zoom lens 
whole system is enlarged and reservation of the amount of ambient light becomes difficult further, it is not desirable. In addition, 
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if the upper limit of conditional expression (7) is set as 2.5, lens processing can be performed more easily. Moreover, it is a book 
when the upper limit of conditional expression (7) is set as 2. 

[0054] On the other hand, if less than the lower limit of conditional expression (7), since the main thickness of the heavy-gage 
positive lens which constitutes a cemented lens Ln becomes small too much and amendment of upper part comatic aberration 
and amendment of the spherical aberration in a tele edge get worse especially, it is not desirable. In addition, aberration 
amendment will become easier if the lower limit of conditional expression (7) is set as 1.05. Moreover, it is a book when the 
upper limit of conditional expression (7) is set as 1.1. 

[0055] Next, the fundamental structure of the 2nd invention is explained. The 2nd invention is characterized [ greatest ] by 
having realized wide-angfe[ super-]-izing, a raise in variable power, and a miniaturization in the zoom lens type of negative and 2 
positive group configurations fundamentally, and realizing a focus method with little fluctuation of many aberration ranging from 
the infinite distance focus condition to a short-distance focus condition further. As for the 2nd invention, also from the 
semantics, it is most effective to apply to the zoom lens of a **** 2 group configuration. 

[0056] The 1st lens group G1 has three lens components, negative, negative, and positive, L11-L13. This is a configuration 
required in order to secure the field angle (more than 2omega=100 degree) of a super-wide angle field, to miniaturize filter size 
as much as possible with a simple configuration and to stop distortion aberration and a curvature of field good. Especially, in the 
1st lens group G1, existence of the lens component of negative refractive power is the required for a body side. 
[0057] the 2nd lens group G2 — the 2nd — lens group pre-group G2F and 2nd lens ****** G2R — having — the 2nd — it 
focuses by moving only lens group pre-group G2F. while enlarging aperture of the zoom lens whole system, in order to amend 
many aberration including spherical aberration good fundamentally — the 2nd — as for lens group pre-group G2F, it is 
advantageous to have positive refractive power, moreover — while setting up the PETTSU bar sum good, in order to mitigate 
the fluctuation at the time of the focus of axial overtone aberration and spherical aberration as much as possible — the 2nd — 
lens group pre-group G2F are mutually-independent — it is desirable to have the cementation positive lens which has a 
positive lens and a negative lens the bottom, or consists of lamination of a positive lens and a negative lens. 
[0058] Moreover, 2nd lens ****** G2R needs a lens configuration indispensable for aberration amendment, in order to act as a 
master lens group in the so-called whole system. Therefore. 2nd lens ****** G2R has at least the lens component LR 1 and 
the lens component LR 2 which has positive refractive power, amends many aberration, such as spherical aberration, upper part 
comatic aberration, and distortion aberration, good by these lens components LR1 and LR2, and controls the aberration 
fluctuation at the time of a focus effectively. Moreover, it is desirable to constitute the lens component LR 1 from a cemented 
lens of a heavy-gage positive lens and a heavy-gage negative lens, and to perform good amendment of spherical aberration and 
distortion aberration according to an operation of this heavy-gage positive lens. Moreover, while setting up the PETTSU bar 
sum still better by the configuration which joins a heavy-gage positive lens and a heavy-gage negative lens in the lens 
component LR 1, still better amendment of axial overtone aberration and spherical aberration is possible. 

[0059] Furthermore, the configuration which contains preferably the cementation positive lens with which the lens component 
LR 2 consists of lamination of a negative lens and a positive lens enables it to perform amendment of upper part comatic 
aberration and the chromatic aberration of magnification good. Moreover, if the aspheric surface is introduced into the negative 
lens components L1 1 or L12 in the 1st lens group G1, it is advantageous to amending the distortion aberration of a high field 
angle portion good, and miniaturizing a front ball system especially. In this case, if the aspheric surface is introduced into the 
concave surface side of the negative lens components L1 1 or L12, since amendment of the spherical aberration by the side of 
looking far and lower part comatic aberration will also be attained, it is desirable. Moreover, since the configuration in which the 
1st lens group G1 contains one cementation negative lens enables it to amend the chromatic aberration of magnification good 
while setting up the PETTSU bar sum good, it is desirable. 

[0060] Hereafter, the conditional expression of the 2nd invention is explained. The following conditional expression (8) is 
satisfied in the 2nd invention. 
2.8 <=f2 F/fw<=8 (8) 

here — f2F — the 2nd — it is the focal distance of lens group pre-group G2F. Moreover, fw is the focal distance of the zoom 
lens whole system in a wide angle edge. 

[0061] conditional expression (8) — the 2nd — the suitable range is specified about the focal distance of lens group pre-group 
G2F. the 2nd — lens group pre-group G2F are the only lens group which moves on the occasion of a focus among the whole 
systems, and, in the case of the zoom lens which has a large field angle which is covered to a super-wide angle field like the 2nd 
invention, the focal distance (or power) of this focussing-lens group serves as an important factor which opts for the aberration 
fluctuation at the time of a focus etc. 

[0062] exceeding the upper limit of conditional expression (8) — the 2nd — if it means that the focal distance of lens group 
pre-group G2F becomes large, and the power of a focussing-lens group becomes small and exceeds this upper limit, focus 
movement magnitude will also increase, and reservation of a gap with 2nd lens ****** 2R and a gap with the 1st lens group G1 
will become difficult, case [ moreover, ] the power of the 1st lens group G1 is comparatively strong and eternal — the 2nd — if 
the focal distance which is lens group pre-group G2F becomes large — the 2nd — when lens group pre-group G2F are a 
positive lens group, the image formation scale factor serves as a positive value, by the wide angle side, is a looking-far side 
greatly and becomes small, for this reason, the 2nd of an axial Yukimitsu Kamihira line — the whole variable power region is 
covered and it comes to emit, and the angle of deviation when injecting lens group pre-group G2F is especially a looking-far 
side, and comes to emit greatly, therefore, the 2nd to the same photographic subject distance in each focal distance condition - 
- the difference of the amount of deliveries of lens group pre-group G2F (focus movement magnitude) will become remarkably 
large. Moreover, the aberration fluctuation at the time of a focus also increases, and a curvature of field will come to change to 
a positive direction remarkably especially at the time of a short-distance focus. In addition, if the upper limit of conditional 
expression (8) is set as 7, better aberration amendment and more suitable focus movement magnitude can be set up. Moreover, 
it is a book when the upper limit of conditional expression (8) is set as 6.5. 

[0063] being less than the lower limit of conditional expression (8) on the other hand — the 2nd — it means that the focal 
distance of lens group pre-group G2F becomes small, and the power of a focussing-lens group becomes large, case 
[ therefore, ] the power of the 1st lens group G1 is comparatively strong and eternal — the 2nd — if the focal distance which is 
lens group pre-group G2F becomes small — the 2nd — when lens group pre-group G2F are a positive lens group, it becomes a 
negative value, and by the wide angle side, the image formation scale factor is a looking-far side greatly, and becomes small, for 
this reason, the 2nd of an axial Yukimitsu Kamihira line — the angle of deviation when injecting lens group pre-group G2F 
covers the whole variable power region, comes to converge, and comes to converge greatly especially by the wide angle side, 
therefore, the 2nd to the same photographic subject distance [ in / like / when less than the lower limit of conditional 
expression (8) / the case where it exceeds the upper limit of conditional expression (8) / each focal distance condition ] — the 
difference of the amount of deliveries of lens group pre-group G2F will become remarkably large. Moreover, the aberration 
fluctuation at the time of a focus also increases, a curvature of field changes to a negative direction remarkably especially at 
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the time of a short-distance focus, and the spherical aberration by the side of looking far will also come to get worse to a 
positive direction further. In addition, if the lower limit of conditional expression (8) is set as 3.05, better aberration amendment 
and more suitable focus movement magnitude can be set up. Moreover, it is a book when the lower limit of conditional 
expression (8) is set as 3.26. 

[0064] Moreover, in the 2nd invention, it is desirable to satisfy the following conditional expression (9). 
0.1 <=|fl|/f2 <=0.95 (9) 

Here. f1 is the focal distance of the 1st lens group G1. Moreover, f2 is the focal distance of the 2nd lens group G2 in an infinite 
distance focus condition. 

[0065] Conditional expression (9) is the conditional expression for setting up the suitable power balance of the 1st lens group 
G1 and the 2nd lens group G2. The 2nd invention proposes the optimal solution for a super-wide angle zoom lens, the suitable 
power balance of the 1st lens group G1 of negative refractive power and the 2nd lens group G2 of positive refractive power is 
required when setting up the whole good aberration balance and practical magnitude appropriately, and it is desirable to satisfy 
this conditional expression (9) as mentioned above. 

[0066] When it exceeds the upper limit of conditional expression (9), compared with the 2nd lens group G2. the 1st lens group 
G1 will consist of weak power. Consequently, since the 1st lens group G1 is enlarged, and front **** enlarges it so that use of a 
filter becomes difficult it is not desirable, moreover, the 2nd [ required for the migration at the time of a focus ] — since it 
becomes impossible to fully secure the air gap of lens group pre-group G2F and it becomes impossible to obtain sufficient 
short-distance photography scale factor, it is not desirable. In addition, if the upper limit of conditional expression (9) is set as 
0.85, it is possible to acquire the solution of more practical magnitude. Moreover, it is a book when the upper limit of conditional 
expression (9) is set as 0.8. 

[0067] On the other hand, when less than the lower limit of conditional expression (9), compared with the 2nd lens group G2, 
the 1st lens group G1 will consist of strong power. Consequently, in the case of the zoom lens which has a large field angle like 
the 2nd invention, since amendment of the aberration over an oblique ray especially with the large field angle by the side of a 
wide angle especially distortion aberration, and a curvature of field becomes difficult, it is not desirable. Moreover, since the 
aberration fluctuation at the time of a focus gets worse, it is not desirable. In addition, if the lower limit of conditional expression 
(9) is set as 0.2, better aberration amendment is realizable. Moreover, it is a book when the lower limit of conditional expression 

(9) is set as 0.3. 

[0068] Moreover, in the 2nd invention, it is desirable to satisfy the following conditional expression (10). 
- 0.5 <=(rc+rb)/(rc-rb)<=1 (10) 

Here, rb is the radius of curvature of the field by the side of the body of the 3rd lens component L13, and rc is the radius of 
curvature of the field by the side of the image of the 3rd lens component L13. 

[0069] Conditional expression (10) has specified the suitable range about the form factor (q factor) of the 3rd lens component 
L13 which is a positive lens component in the 1st lens group G1. Exceeding the upper limit of conditional expression (10) means 
that the configuration of the 3rd lens component L13 turns into the positive meniscus lens configuration where the convex of 
curvature strong against a body side was turned. By the conventional focus method which focuses by letting out the 1st lens 
group G1, although fluctuation of short-distance fluctuation especially lower part comatic aberration, and a curvature of field is 
suppressed, the above-mentioned lens configuration was effective. However, when it was the zoom lens which the 1st lens 
group G1 does not move on the occasion of a focus like the 2nd invention, it became possible to make it the lens configuration 
which can attain bigger aperture while amending the lower part comatic aberration by the side of a wide angle, and a curvature 
of field and the spherical aberration by the side of looking far good rather instead of a lens configuration advantageous to 
controlling these aberration fluctuation. 

[0070] Since the lower part comatic aberration by the side of a wide angle, and a curvature of field and the spherical aberration 
by the side of looking far are amended good and it becomes impossible to attain bigger aperture when it exceeds the upper limit 
of conditional expression (10), It is not desirable, moreover, the circumference portion of the 3rd lens component L13 and the 
2nd — since lens group pre-group 2F interfere mechanically at the time of a focus and it becomes impossible to obtain short- 
distance photography scale factor sufficient as a result, it is not desirable. In addition, if the upper limit of conditional expression 

(10) is set as 0.9, better aberration amendment is realizable. Moreover, it is a book when the upper limit of conditional 
expression (10) is set as 0.85. 

[0071] On the other hand, that it is less than the lower limit of conditional expression (10) means that the configuration of the 
3rd lens component L13 turns into the biconvex lens configuration where the convex of strong curvature was turned by the 
image side. Since the angle of refraction of the light in the field by the side of the image of the 3rd lens component L13 
becomes remarkably strong in this lens configuration, the yield of high order aberration increases and the lower part comatic 
aberration by the side of a wide angle, the spherical aberration by the side of a curvature of field and looking far. lower part 
comatic aberration, etc. get worse especially, it is not desirable. In addition, if the lower limit of conditional expression (10) is set 
as -0.3, better aberration amendment is realizable. Moreover, it is a book when the lower limit of conditional expression (10) is 
set as 0. 

[0072] Moreover, in the 2nd invention, it is desirable to satisfy the following conditional expression (11). 
0<|beta w-Mt/beta t|<1 (11) 

the 2nd [ in / respectively / here / in betaw and betat / the infinite distance focus condition in a wide angle edge and a tele 
edge ] — it is the image formation scale factor of lens group pre-group G2F. Moreover, Mt is a photography scale factor in the 
maximum contiguity photography condition in a tele edge. 

[0073] the 2nd whose conditional expression (11) is a focussing-lens group — the suitable range is specified about the ratio of 
the image formation scale factor in the wide angle edge of lens group pre-group G2F, and the image formation scale factor in a 
tele edge. Although explanation of conditional expression (8) also made reference When an image formation scale factor 
contains [ the absolute value of an image formation scale factor ] infinity near the center of near and a variable power region by 
the wide angle edge and the tele edge, The difference of the amount of deliveries of lens group pre-group G2F (focus movement 
magnitude) becomes min. the 2nd to the same photographic subject distance in each focal distance condition — Since gap of a 
focusing point falls within the range of depth of field in the zoom lens under certain conditions, the cam for amending a focusing 
point becomes unnecessary and lens-barrel structure becomes easy, it becomes in cost and advantageous. This conditional 
expression (1 1) has the form where the photography scale factor Mt at the time of the shortest photography by the tele edge 
was further taken into consideration. 

[0074] as when exceeding the upper limit of conditional expression (11) — the 2nd in a wide angle edge — the case where the 
image formation scale factor of lens group pre-group G2F becomes remarkably large, and the case where the photography scale 
factor of the whole system at the time of the shortest photography is remarkable, and large can be considered, first, the 2nd 
which is a focussing-lens group, for example in the case of the former — the case where lens group pre-group G2F have 
positive power — a value positive, in an image formation scale factor — taking — the 2nd of an axial Yukimitsu Kamihira line — 
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the angle of deviation when injecting lens group pre-group G2F covers the whole variable power region, and comes to emit, 
therefore, the 2nd to the same photographic subject distance in each focal distance condition — since the difference of the 
amount of deliveries of lens group pre-group G2F becomes remarkably large, it is not desirable. Moreover, since the aberration 
fluctuation at the time of a focus also increases, it is not desirable. 

[0075] On the other hand, since in the case of the latter focus movement magnitude becomes large too much by this focusing 
point method and the whole lens system is enlarged, it is not desirable, moreover, the 2nd — the 2nd to the same photographic 
subject distance in each focal distance condition even if it has satisfied the conditions above-mentioned [ the image formation 
scale factor of lens group pre-group G2F ] — since the difference of the amount of deliveries of lens group pre-group G2F 
becomes large, it is not desirable. In addition, if the upper limit of conditional expression (11) is set as 0.9, it is advantageous 
because of the further minor-diameter-izing. Moreover, it is a book when the upper limit of conditional expression (11) is set as 
0.8. 

[0076] Moreover, in the 2nd invention, it is desirable to satisfy the following conditional expression (12). 
0.8<ra/rb<3 (12) 

Here, ra is the radius of curvature of the field by the side of the image of the 2nd lens component L12. Moreover, rb is the 
radius of curvature of the field by the side of the body of the 3rd lens component L13, as mentioned above. 
[0077] Conditional expression (12) is the conditional expression about the configuration of the air lens formed between the 2nd 
lens component L12 in the 1st lens group G1. and the 3rd lens component L13. Both the things for which the value of this 
conditional expression (12) takes a positive value mean that the field by the side of the body of an air lens (namely, field by the 
side of the image of the 2nd lens component L12) and the field by the side of an image (namely, field by the side of the body of 
the 3rd lens component L13) have turned the convex to a body side. If it exceeds the upper limit of conditional expression (12), 
since the radius of curvature of the field by the side of the image of the 2nd lens component L12 will become remarkably large 
compared with the radius of curvature of the field by the side of the body of the 3rd lens component L13. the configuration of 
the air lens formed between them turns into a negative lens configuration. Consequently, since the effect which the amendment 
effect of many aberration with this air lens decreases, and makes front **** small also fades, it is not desirable. In addition, it is 
a book when the upper limit of conditional expression (12) is set as 2.5. 

[0078] On the other hand, if less than the lower limit of conditional expression (12), since the radius of curvature of the field by 
the side of the image of the 2nd lens component L12 will become remarkably small compared with the radius of curvature of the 
field by the side of the body of the 3rd lens component L13, the configuration of the air lens formed between them turns into a 
positive lens configuration. Therefore, while it has the effect which can express it as what has negative power as an air lens, 
and makes front **** small, since a remarkable positive meniscus configuration becomes the cause of generating high order 
aberration, it is not desirable. In the 2nd invention, it is desirable for the configuration of an air lens to turn into a **** negative 
lens configuration. In addition, it is a book when the lower limit of conditional expression (12) is set as 0.9 still more preferably 1. 

[0079] Moreover, as for the lens component LR 1 in 2nd lens ****** G2R, in the 2nd invention, it is more desirable than a 
heavy-gage positive lens and the positive lens of this thickness meat to consist of negative lenses of thin meat and to satisfy 
the following conditional expression (13). 
0.58<dp/fw<3 (13) 

Here, dp is the main thickness of a heavy-gage positive lens. Moreover, fw is the focal distance of the zoom lens whole system 
in a wide angle edge, as mentioned above. 

[0080] Conditional expression (13) has specified the suitable range about the main thickness (thickness in alignment with an 
optical axis) of the heavy-gage positive lens which constitutes the lens component LR 1 in 2nd lens ****** G2R. If it exceeds 
the upper limit of conditional expression (13), since the main thickness of the heavy-gage positive lens which constitutes the 
lens component LR 1 will become large too much and lens processing will become difficult, it is not desirable. Moreover, since 
the zoom lens whole system is enlarged and reservation of the amount of ambient light becomes difficult further, it is not 
desirable. In addition, if the upper limit of conditional expression (13) is set as 2.5, lens processing can be performed more easily. 
Moreover, it is a book when the upper limit of conditional expression (13) is set as 2. 

[0081] On the other hand, if less than the lower limit of conditional expression (13), since the main thickness of the heavy-gage 
positive lens which constitutes the lens component LR 1 becomes small too much and amendment of amendment of upper part 
comatic aberration, the distortion aberration of a wide angle edge, and the spherical aberration of a tele edge gets worse 
especially, it is not desirable. In addition, aberration amendment will become easier if the lower limit of conditional expression 
(13) is set as 0.65. Moreover, it is a book when the lower limit of conditional expression (13) is set as 0.75. 
[0082] moreover, the case of the zoom lens of the negative precedence mold which focuses like this invention (the 1st 
invention and the 2nd invention) by the lens component by the side of the body in the 2nd lens group G2 (pre-group G2F) — 
the 2nd — the body side of lens group pre-group G2F — or it is desirable to install an aperture diaphragm in an image side, in 
this case, the time of a focus — an aperture diaphragm — the 2nd — if it is made to move in one with lens group pre-group 
G2F. the chief ray piece at the time of a short-distance object point focus is mitigable. moreover, an aperture diaphragm is 
linked with 2nd lens ****** G2R — making — the time of a focus — the 2nd — if only lens group pre-group G2F are moved, it 
will become advantageous on lens-barrel layout, the case of this invention — the time of a focus — an aperture diaphragm — 
the 2nd — without you may make it move in one with lens group pre-group G2F and it moves an aperture diaphragm at the time 
of a focus — the 2nd — only lens group pre-group G2F may be moved. 

[0083] Moreover, in this invention, at least one cementation negative lens which consists of lamination of a negative lens and a 
positive lens is contained in the 1st lens component L1 1 or the 2nd lens component L12, and the refractive index of a negative 
lens is larger than the refractive index of a positive lens in this cementation negative lens, and it is desirable that the Abbe 
number of a negative lens is smaller than the Abbe number of a positive lens. By this configuration, control of the ** 
TTSUBARU sum becomes advantageous and the further wide-angle-izing and high performance-ization are attained. 
[0084] 

[Example] Hereafter, each example of this invention is explained based on an accompanying drawing. First, the super-wide angle 
zoom lens concerning each example of the 1st invention consists of a 1st lens group G1 which has negative refractive power, 
and a 2nd lens group G2 which has positive refractive power sequentially from the body side. And the 1st lens group G1 
consists of a 1st lens component L1 1 which has negative refractive power as a whole including one aspheric lens, a 2nd lens 
component L12 which has negative refractive power, and a 3rd lens component L13 which has positive refractive power 
sequentially from the body side, on the other hand — the 2nd lens group G2 — the order from a body side — the 2nd — it 
consists of lens group pre-group G2F and 2nd lens ******G2R. In addition, 2nd lens ****** G2R contains the cemented lens 
Ln which consists of lamination of a heavy-gage positive lens and a heavy-gage negative lens. 

[0085] the distance (the amount of sags) which the aspheric surface set the height of a direction perpendicular to an optical 
axis to y, and met the optical axis from the tangential plane of the top-most vertices of the aspheric surface in height y to the 
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aspheric surface in each example of the 1st invention — S (y) — carrying out — the radius of curvature (top-most-vertices 
radius of curvature) of criteria — R — carrying out — a constant of the cone — kappa — carrying out — the n-th aspheric 
surface coefficient — Cn ** — it is expressed with the following formulas (a) when it carries out. 
[Equation 5] 

S (y) =(y2 / R)/{1+(1-kappa-y 2 / R2) 1 / 2} 

+ C3, |y|3+C4. y4+C6 and y6+C8, and y8 +C10, y10+C12, y12+C14 and y14+C16, y16 (a) 

In addition, an aspheric surface type (a) is the secondary aspheric surface coefficient C 2. Since it does not contain, in each 
example of the 1st invention, the top-most-vertices radius of curvature and paraxial radius of curvature of the aspheric surface 
are in agreement. Hereafter, in each example, * mark is given to the aspheric surface on the right-hand side of the field number. 

[0086] The [1st example] Drawing 1 is drawing showing the migration locus of each lens group in the lens configuration and 
variable power of the super-wide angle zoom lens concerning the 1st example of the 1st invention. In the super-wide angle 
zoom lens of drawing 1 , the 1st lens component L1 1 of the 1st lens group G1 consists of a compound-die negative meniscus 
aspheric lens which consists of compound with the glass material and resin material with which the convex was turned to the 
body side, and the field by the side of an image was formed in the shape of the aspheric surface sequentially from the body side, 
and a negative meniscus lens which turned the convex to the body side. Moreover, the 2nd lens component L12 of the 1st lens 
group G1 consists of cementation negative lenses which become order from the lamination of a biconvex lens and a biconcave 
lens from the body side. Furthermore, the 3rd lens component L13 of the 1st lens group G1 consists of biconvex lenses. 
[0087] Moreover, pre-group G2F of the 2nd lens group G2 consist of cementation positive lenses which consist of lamination of 
the negative meniscus lens and biconvex lens which turned the convex to the body side sequentially from a body side. 
Furthermore, back group G2R of the 2nd lens group G2 consists of cementation negative lens Ln which consists of lamination of 
a heavy-gage biconvex lens and a heavy-gage biconcave lens sequentially from a body side, a cementation positive lens which 
consists of lamination of the negative meniscus lens and biconvex lens which turned the convex to the body side, and a 
biconvex lens. 

[0088] in addition, the 2nd — aperture-diaphragm S arranges between lens group pre-group G2F and 2nd lens ****** G2R — 
having — the 2nd lens group G2 — fixed drawing SF is arranged immediately at the image side. Although aperture-diaphragm S 
moves in one with the 2nd lens group G2 on the occasion of variable power, fixed drawing SF is always immobilization to the 
image surface, without moving on the occasion of variable power. Drawing 1 shows the lens arrangement in a wide angle edge. 
On the occasion of the variable power to a tele edge, once the 1st lens group G1 moves to an image side, it moves to a body 
side, and moves the 2nd lens group G2 to a body side so that the gap of the 1st lens group G1 and the 2nd lens group G2 may 
decrease, moreover — without aperture-diaphragm S moves on the occasion of the focus to a short-distance body from an 
infinite distance body — the 2nd — only lens group pre-group G2F move to an image side. 

[0089] The value of the item of the 1st example is hung up over the following table (1). a table (1) — setting — f — a focal 
distance — FNO — the f number — 2omega — a field angle — beta — a photography scale factor — DO The table of the 
object point distance (distance which met the optical axis between the field by the side of a body and a body most) is carried 
out, respectively. Furthermore, nu shows [ the sequence of the lens side from the body side with which the field number met in 
the direction in which light advances ] the Abbe number for the refractive index [ as opposed to / in n / d / spacing / each / 
lens / r / d line (lambda= 587.6nm) for radius of curvature (in the case of the aspheric surface, it is paraxial radius of 
curvature) ], respectively. In addition, it means that * mark in a table is the aspheric surface. 
[0090] 
[A table 1] 

An f= 17.5 - 34mmFNO=3.62 omega= 104.7 degrees - 65.5-degree side number r d nu n 1 52.1292 2.0000 45.37 1.796681 2 
23.0000 0.1000 56.34 1.495210 3* 16.3744 7.8000 4 53.7499 1.8000 43.35 1.8404215 19.9462 7.6000 6 612.7631 7.8000 48.97 
1.531721 7-28.27102.0000 43.35 1.840421 8 108.4625 0.1000 950.0061 6.2000 28.19 1.740000 10 -60.8299 (d10= adjustable) 11 
34.9315 1.3000 45.37 1.796681 12 22.7584 5.5000 64.10 1.516800 13-144.7558 (d13= adjustable) 14 infinity 0.8000 (aperture- 
diaphragm S) 

15 29.3537 22.0000 58.90 1.518230 16 -23.6335 1.3000 37.35 1.834000 17 63.0089 1.0000 18 357.4853 1.3000 40.90 1.796310 19 
22.2076 6.0000 70.41 1.487490 20 -26.1638 0.1000 21 87.65815.0000 70.41 1.487490 22 -64.8462 (d22= adjustable) 23 infinity 
38.84505 (fixed drawing SF) 
(Aspheric surface data) 

kappa C3 C4 3 page 0.0973 - 0.10721X10-4 4.16260x10-6 C6 C8 C10 - 2.05780X10-8 2.90830x10-12 8.55130x10-15 C12 C14 

C16 -0.17926x10-15 0.14299x10-18 0.20722x10-21 (variable spacing in an infinite distance focus condition) 

Wide angle edge Middle Tele edge f 17.50000 24.00000 34.00000D0 infinity infinity infinitydIO 32.39654 14.76205 0.79807d13 

3.76238 3.76238 3.76238d22 0.11761 10.27740 25.90786 (variable spacing in a point-blank range focus condition) 

Wide angle edge Middle Tele edge beta -0.05990 -0.09259 -0.13128 DO 261.4690 231.5463 233.3583d10 35.23654 17.60205 

3.63807d13 0.92238 0.92238 0.92238d22 0.11761 10.27740 25.90786 (value corresponding to conditional expression) 

(1) C3 = -0.10721x10-4 (2) kappa=0.0973(3) |fasp|/fw=2.091(4) |f 1 |/(fw-ft) 1 /2 =1.107(5) |f1 |/f2=0.6398(6) |beta w-Mt/beta 

t|=0.04636(7) dp/fw=1.257[0091 — ] Drawing 2 - drawing 5 are many aberration drawings of the 1st example. That is, drawing 2 

shows many aberration drawings [ in / for many aberration drawings in the infinite distance focus condition in a wide angle 

edge / in drawing 3 / the infinite distance focus condition in a tele edge ], respectively. Moreover, drawing 4 shows many 

aberration drawings [ in / for many aberration drawings in the point-blank range focus condition in a wide angle edge / in 

drawing 5 / the point-blank range focus condition in a tele edge ], respectively, each aberration drawing — setting — FNO — 

the f number — NA — numerical aperture — in Y, d shows d line (lambda^ 587. 6nm), and g shows g line (lambda^ 435.8nm) for 

image quantity, respectively. Moreover, in aberration drawing showing astigmatism, a continuous line shows the sagittal image 

surface and the dashed line shows the meridional image surface. 

[0092] When aberration drawing of drawing 2 is referred to, in a wide angle edge, it turns out that many aberration is amended 
good. Moreover, when aberration drawing of drawing 3 is referred to, also in a tele edge, it turns out like a wide angle edge that 
many aberration is amended good. On the other hand, when aberration drawing of drawing 4 is referred to, there is little short- 
distance aberration fluctuation in a wide angle edge, and it turns out that many aberration is amended good. Moreover, when 
aberration drawing of drawing 5 is referred to, also in a tele edge, like a wide angle edge, there is little short-distance aberration 
fluctuation and it turns out that many aberration is amended good. Thus, in the 1st example, it turns out that many aberration is 
amended good in each focal distance condition and each photography distance condition, and good optical-character ability is 
secured. 

[0093] The [2nd example] Drawing 6 is drawing showing the migration locus of each lens group in the lens configuration and 
variable power of the super-wide angle zoom lens concerning the 2nd example of the 1st invention. In the super-wide angle 
zoom lens of drawing 6 , the 1st lens component L1 1 of the 1st lens group G1 consists of a compound-die negative meniscus 
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aspheric lens which consists of compound with the glass material and resin material with which the convex was turned to the 
body side, and the field by the side of an image was formed in the shape of the aspheric surface sequentially from the body side, 
and a negative meniscus lens which turned the convex to the body side. Moreover, the 2nd lens component L12 of the 1st lens 
group G1 consists of cementation negative lenses which become order from the lamination of a biconvex lens and a biconcave 
lens from the body side. Furthermore, the 3rd lens component L13 of the 1st lens group G1 consists of biconvex lenses. 
[0094] Moreover, pre-group G2F of the 2nd lens group G2 consist of cementation positive lenses which consist of lamination of 
the negative meniscus lens and biconvex lens which turned the convex to the body side sequentially from a body side. 
Furthermore, back group G2R of the 2nd lens group G2 consists of cementation negative lens Ln which consists of lamination of 
a heavy-gage biconvex lens and a heavy-gage biconcave lens sequentially from a body side, a cementation positive lens which 
consists of lamination of the negative meniscus lens and biconvex lens which turned the convex to the body side, and a 
cementation positive lens which consists of lamination of the negative meniscus lens and biconvex lens which turned the 
convex to the body side. 

[0095] in addition, the 2nd — lens group pre-group G2F — aperture-diaphragm S is arranged immediately at a body side, and 
this aperture-diaphragm S moves in one with the 2nd lens group G2 on the occasion of variable power. Drawing 6 shows the 
lens arrangement in a wide angle edge. On the occasion of the variable power to a tele edge, once the 1st lens group G1 moves 
to an image side, it moves to a body side, and moves the 2nd lens group G2 to a body side so that the gap of the 1st lens group 
G1 and the 2nd lens group G2 may decrease, moreover, the focus to a short-distance body from an infinite distance body — 
facing — aperture-diaphragm S and the 2nd — lens group pre-group G2F move to an image side in one. 

[0096] The value of the item of the 2nd example is hung up over the following table (2). a table (2) — setting — f — a focal 
distance — FNO — the f number — 2omega — a field angle — Bf — a back focus — beta — a photography scale factor — 
DO The table of the object point distance (distance which met the optical axis between the field by the side of a body and a 
body most) is carried out, respectively. Furthermore, nu shows [ the sequence of the lens side from the body side with which 
the field number met in the direction in which light advances ] the Abbe number for the refractive index [ as opposed to / in n / 
d / spacing / each / lens / r / d line (lambda= 587.6nm) for radius of curvature (in the case of the aspheric surface, it is 
paraxial radius of curvature) ], respectively. In addition, it means that * mark in a table is the aspheric surface. 
[0097] 
[A table 2] 

An f= 16.5 - 34mmFNO=4.12 omega= 107.8 degrees - 65.4-degree side number r d nu n 1 49.6189 2.0000 43.35 1.840421 2 
29.0000 0.7000 56.34 1.495210 3* 18.2268 6.0000 4 49.7685 1.8000 43.35 1.840421 5 18.4687 10.0000 6 219.8574 8.500045.87 
1.548139 7-23.70942.0000 43.35 1.840421 8 48.2556 0.5000 940.7751 5.6000 28.56 1.795040 10 -65.3221 (d10= adjustable) 11 
infinity 0.8000 (aperture-diaphragm S) 

12 30.3578 1.3000 45.37 1.796681 13 19.0869 4.5000 60.23 1.518350 14 -228.3171 (d14= adjustable) 15 31.7994 22.0000 58.90 
1.518230 16 -25.8948 1.3000 37.35 1.834000 17 43.1480 1.8000 18 185.7849 1.3000 40.90 1.796310 19 30.5184 6.6000 70.41 
1.487490 20 -25.2224 0.1000 21 47.7938 1.5000 55.60 1.696800 22 39.5066 5.0000 70.41 1.487490 23 -140.7105 (Bf) (aspheric 
surface data) 

kappa C3 C4 3 page 0.0491 - 0.48297X10-4 1.47710x10-8 C6 C8 C10 - 3.22780X10-8 9.50150x10-12 2.94290x10-14 C12 C14 
C16 -0.13323x10-15 0.34340x10-18 -0.26904x10-21 (variable spacing in an infinite distance focus condition) 
Wide angle edge Middle Tele edge f 16.50000 24.00000 34.00000D0 infinity infinity infinity d10 36.03441 15.21221 1.73902d14 
6.13238 6.13238 6.1 3238Bf 40.03787 53.23081 70.82141 (variable spacing in a point-blank range focus condition) 
Wide angle edge Middle Tele edge beta -0.06683 -0.10895 -0.15095 DO 211.1659 187.4673 194.1299d10 38.87441 18.05221 
4.57902d14 3.29238 3.29238 3.29238 Bf 40.06219 53.29566 70.94586 (value corresponding to conditional expression) 
(1) C3 =-0.48297x10-4(2) kappa=0.0491(3) |fasp|/fw=2.841(4) |fl|/(fw-ft)1/2 =1.056(5) |f 1 |/f 2=0.5 6 8 5(6) [beta w-Mt/beta 
t|=0.08408(7) dp/fw=1 .333[0098 — ] Drawing 7 - drawing 10 are many aberration drawings of the 2nd example. That is, drawing 
7 shows many aberration drawings [ in / for many aberration drawings in the infinite distance focus condition in a wide angle 
edge / in drawing 8 / the infinite distance focus condition in a tele edge ], respectively. Moreover, drawing 9 shows many 
aberration drawings [ in / for many aberration drawings in the point-blank range focus condition in a wide angle edge / in 
drawing 10 / the point-blank range focus condition in a tele edge ], respectively, each aberration drawing — setting — FNO — 
the f number — NA — numerical aperture — in Y, d shows d line (lambda= 587.6nm), and g shows g line (lambda= 435.8nm) for 
image quantity, respectively. Moreover, in aberration drawing showing astigmatism, a continuous line shows the sagittal image 
surface and the dashed line shows the meridional image surface. 

[0099] When aberration drawing of drawing 7 is referred to, in a wide angle edge, it turns out that many aberration is amended 
good. Moreover, when aberration drawing of drawing 8 is referred to. also in a tele edge, it turns out like a wide angle edge that 
many aberration is amended good. On the other hand, when aberration drawing of drawing 9 is referred to, there is little short- 
distance aberration fluctuation in a wide angle edge, and it turns out that many aberration is amended good. Moreover, when 
aberration drawing of drawing 10 is referred to, also in a tele edge, like a wide angle edge, there is little short-distance 
aberration fluctuation and it turns out that many aberration is amended good. Thus, in the 2nd example, it turns out that many 
aberration is amended good in each focal distance condition and each photography distance condition, and good optical- 
character ability is secured. 

[0100] The [3rd example] Drawing 1 1 is drawing showing the migration locus of each lens group in the lens configuration and 
variable power of the super-wide angle zoom lens concerning the 3rd example of the 1st invention. In the super-wide angle 
zoom lens of drawing 1 1 , the 1st lens component L1 1 of the 1st lens group G1 consists of a compound-die negative meniscus 
aspheric lens which consists of compound with the glass material and resin material with which the convex was turned to the 
body side, and the field by the side of an image was formed in the shape of the aspheric surface sequentially from the body side, 
and a negative meniscus lens which turned the convex to the body side. Moreover, the 2nd lens component L12 of the 1st lens 
group G1 consists of cementation negative lenses which become order from the lamination of a biconvex lens and a biconcave 
lens from the body side. Furthermore, the 3rd lens component L13 of the 1st lens group G1 consists of biconvex lenses. 
[0101] Moreover, pre-group G2F of the 2nd lens group G2 consist of cementation positive lenses which consist of lamination of 
the negative meniscus lens and biconvex lens which turned the convex to the body side sequentially from a body side. 
Furthermore, back group G2R of the 2nd lens group G2 consists of cementation negative lens Ln which consists of lamination of 
a heavy-gage biconvex lens and a heavy-gage biconcave lens sequentially from a body side, a cementation positive lens which 
consists of lamination of the negative meniscus lens and biconvex lens which turned the convex to the body side, and a 
biconvex lens. 

[0102] in addition, the 2nd — aperture-diaphragm S arranges between lens group pre-group G2F and 2nd lens ****** G2R — 
having — the 2nd lens group G2 — fixed drawing SF is arranged immediately at the image side. Although aperture-diaphragm S 
moves in one with the 2nd lens group G2 on the occasion of variable power, fixed drawing SF is always immobilization to the 
image surface, without moving on the occasion of variable power. Drawing 1 1 shows the lens arrangement in a wide angle edge. 
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On the occasion of the variable power to a tele edge, once the 1st lens group G1 moves to an image side, it moves to a body 
side, and moves the 2nd lens group G2 to a body side so that the gap of the 1st lens group G1 and the 2nd lens group G2 may 
decrease, moreover — without aperture-diaphragm S moves on the occasion of the focus to a short-distance body from an 
infinite distance body — the 2nd — only lens group pre-group G2F move to an image side. 

[0103] The value of the item of the 3rd example is hung up over the following table (3). a table (3) — setting — f — a focal 
distance — FNO — the f number — 2omega — a field angle — beta — a photography scale factor — DO The table of the 
object point distance (distance which met the optical axis between the field by the side of a body and a body most) is carried 
out, respectively. Furthermore, nu shows [ the sequence of the lens side from the body side with which the field number met in 
the direction in which light advances ] the Abbe number for the refractive index [ as opposed to / in n / d / spacing / each / 
lens / r / d line (lambda= 587.6nm) for radius of curvature (in the case of the aspheric surface, it is paraxial radius of 
curvature) ], respectively. In addition, it means that * mark in a table is the aspheric surface. 
[0104] 
[A table 3] 

An f=16.5-34mmFNO=4.2 - 4.352 omega= 107.8 degrees - 65.3-degree side number r d nu n 1 64.3591 2.0000 43.35 1.840421 2 
30.0000 0.7000 56.34 1.495210 3* 17.6777 7.5000 4 49.7685 1.8000 43.35 1.840421 518.4687 9.0000 6 1 86.8243 8.5000 45.87 
1.548139 7-24.27552.0000 43.35 1.840421 8 59.3358 0.1403 943.3205 6.6000 28.56 1.795040 10 -62.9967 (d10- adjustable) 11 
32.0567 1.3000 45.37 1.796681 12 21.5583 4.5000 60.23 1.518350 13 -256.6223 (d13= adjustable) 14 infinity 0.8000 (aperture- 
diaphragm S) 

15 29.7054 22.0000 58.90 1.518230 16 -19.1979 1.3000 37.35 1.834000 17 56.5490 1.0000 18 122.0340 1.3000 40.90 1.796310 19 
23.9641 6.5000 70.41 1.487490 20 -23.3292 0.1000 21 204.1315 3.0000 70.41 1.487490 22 -63.5196 (d22= adjustable) 23 infinity 
41.53110 (fixed drawing SF) 
(Aspheric surface data) 

kappa C3 C4 3 page -0.0495 - 0.10797X10-4 -2.23840X10-6 C6 C8 C10 - 3.04900X10-8 1.49380x10-11 2.79930x10-14 C12 

C14 C16 -0.15170x10-15 0.37678x10-18 -0.29797x10-21 (variable spacing in an infinite distance focus condition) 

Wide angle edge Middle Tele edge f 16.50000 24.00000 34.00000DO infinity infinity infinity d10 33.71230 13.73018 0.80057d13 

3.20291 3.20291 3.20291 d22 -0.38609 12.27458 29.15547 (variable spacing in a point-blank range focus condition) 

Wide angle edge Middle Tele edge beta -0.06672 -0.10882 -0.15190 DO 217.9942 194.0646 1 98.9631 d10 36.55230 16.57018 

3.64057d13 0.36291 0.36291 0.36291d22 -0.38609 12.27458 29.15547 (value corresponding to conditional expression) 

(1) C3 =-0.10797x10-4(2) kappa=-0.0495(3) |fasp|/fw=2.342(4) |f1 |/(fw-ft)1/2 =1.056(5) |f 1 |/f 2=0. 59 24(6) (beta w-Mt/beta 

t|=0.07345(7) dp/fw=1 333[0105 — ] Drawing 1 2 - drawing 15 are many aberration drawings of the 3rd example. That is, drawing 

12 shows many aberration drawings [ in / for many aberration drawings in the infinite distance focus condition in a wide angle 

edge / in drawing 13 / the infinite distance focus condition in a tele edge ], respectively. Moreover, drawing 14 shows many 

aberration drawings [ in / for many aberration drawings in the point-blank range focus condition in a wide angle edge / in 

drawing 15 / the point-blank range focus condition in a tele edge ], respectively, each aberration drawing — setting — FNO — 

the f number — NA — numerical aperture — in Y, d shows d line (lambda= 587. 6nm), and g shows g line (lambda= 435.8nm) for 

image quantity, respectively. Moreover, in aberration drawing showing astigmatism, a continuous line shows the sagittal image 

surface and the dashed line shows the meridional image surface. 

[0106] When aberration drawing of drawing 12 is referred to. in a wide angle edge, it turns out that many aberration is amended 
good. Moreover, when aberration drawing of drawing 13 is referred to, also in a tele edge, it turns out like a wide angle edge that 
many aberration is amended good. On the other hand, when aberration drawing of drawing 14 is referred to, there is little short- 
distance aberration fluctuation in a wide angle edge, and it turns out that many aberration is amended good. Moreover, when 
aberration drawing of drawing 15 is referred to, also in a tele edge, like a wide angle edge, there is little short-distance 
aberration fluctuation and it turns out that many aberration is amended good. Thus, in the 3rd example, it turns out that many 
aberration is amended good in each focal distance condition and each photography distance condition, and good optical- 
character ability is secured. 

[0107] The [4th example] Drawing 16 is drawing showing the migration locus of each lens group in the lens configuration and 
variable power of the super-wide angle zoom lens concerning the 4th example of the 1st invention. In the super-wide angle 
zoom lens of drawing 16 , the 1st lens component L1 1 of the 1st lens group G1 consists of compound-die negative meniscus 
aspheric lenses which consist of compound with the glass material and resin material with which the convex was turned to the 
body side, and the field by the side of an image was formed in the shape of the aspheric surface. Moreover, the 2nd lens 
component L12 of the 1st lens group G1 consists of a cementation negative lens which becomes order from the lamination of a 
biconcave lens and a biconvex lens, and a negative meniscus lens which turned the convex to the body side from the body side. 
Furthermore, the 3rd lens component L13 of the 1st lens group G1 consists of positive meniscus lenses which turned the 
convex to the body side. 

[0108] Moreover, pre-group G2F of the 2nd lens group G2 consist of cementation positive lenses which consist of lamination of 
the negative meniscus lens and biconvex lens which turned the convex to the body side sequentially from a body side. 
Furthermore, back group G2R of the 2nd lens group G2 consists of a cementation positive lens which consists of lamination of 
the cementation negative lens Ln, biconcave lens, and biconvex lens which consist of lamination of a heavy-gage biconvex lens 
and a heavy-gage biconcave lens sequentially from a body side, and a biconvex lens. 

[0109] in addition, the 2nd — aperture-diaphragm S arranges between lens group pre-group G2F and 2nd lens ****** G2R — 
having — the 2nd lens group G2 — fixed drawing SF is arranged immediately at the image side. Although aperture-diaphragm S 
moves in one with the 2nd lens group G2 on the occasion of variable power, fixed drawing SF is always immobilization to the 
image surface, without moving on the occasion of variable power. Drawing 16 shows the lens arrangement in a wide angle edge. 
On the occasion of the variable power to a tele edge, once the 1st lens group G1 moves to an image side, it moves to a body 
side, and moves the 2nd lens group G2 to a body side so that the gap of the 1st lens group G1 and the 2nd lens group G2 may 
decrease, moreover — without aperture-diaphragm S moves on the occasion of the focus to a short-distance body from an 
infinite distance body — the 2nd — only lens group pre-group G2F move to an image side. 

[01 10] The value of the item of the 4th example is hung up over the following table (4). a table (4) — setting — f — a focal 
distance — FNO — the f number — 2omega — a field angle — beta — a photography scale factor — DO The table of the 
object point distance (distance which met the optical axis between the field by the side of a body and a body most) is carried 
out, respectively. Furthermore, nu shows [ the sequence of the lens side from the body side with which the field number met in 
the direction in which light advances ] the Abbe number for the refractive index [ as opposed to / in n / d / spacing / each / 
lens / r / d line (lambda= 587. 6nm) for radius of curvature (in the case of the aspheric surface, it is paraxial radius of 
curvature) ], respectively. It means that * mark in a table is the aspheric surface. 
[0111] 
[A table 4] 
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An f= 17.5 - 34mmFNO=4.12 omega= 104.3 degrees - 64.7-degree side number r d nu n 1 49.4924 2.0000 43.35 1.840421 2 
19.0000 0.1000 56.34 1.495210 3* 13.1824 15.0000 4 -64.1665 2.0000 45.37 1.796681 5 29.3127 8.5000 82.52 1.497820 6- 
102.01500.1000 766.5293 2.0000 55.60 1.696800 8 29.3963 1.0000 931.1793 5.0000 25.50 1.804581 10 1140.6187 (d10= 
adjustable) 11 36.7901 1.3000 45.37 1.796681 12 22.2707 4.8000 60.23 1.518350 13 -104.5971 (d13= adjustable) 14 infinity 
0.8000 (aperture-diaphragm S) 

15 29.7900 20.0000 64.10 1.516800 16 -25.3222 1.3000 37.35 1.834000 17 66.4292 1.8000 18 -638.1440 1.3000 37.35 1.834000 
19 25.8765 5.0000 70.41 1.487490 20 -24.3391 0.1000 21 166.7875 3.2000 58.90 1.518230 22 -50.0532 (d22= adjustable) 23 
infinity 42.37782 (fixed drawing SF) 
(Aspheric surface data) 

kappa C3 C4 3 page 0.0139 - 0.30953X10-4 1.38140x10-5 C6 C8 C10 - 5.04910X10-9 -1.21950X10-11 -5.05670X10-14 C12 

C14 C16 -0.16144x10-15 0.18728x10-17 -0.52111x10-20 (variable spacing in an infinite distance focus condition) 

Wide angle edge Middle Tele edge f 17.50000 24.00000 34.00000D0 infinity infinity infinitydIO 32.24557 14.61107 0.64709d13 

4.28854 4.28854 4.28854d22 0.00000 10.15979 25.79025 (variable spacing in a point-blank range focus condition) 

Wide angle edge Middle Tele edge beta -0.06426 -0.09941 -0.14104 DO 242.2795 214.3848 216.0706d10 35.29557 17.66107 

3.69709d13 1.23854 1.23854 1.23854d22 0.00000 10.15979 25.79025 (value corresponding to conditional expression) 

(1) C3 =-0.30953x10-4(2) kappa=0.01 39(3) |fasp|/fw=1 .51 5(4) |f1 |/(fw-ft)1/2 =1.107(5) |f1 |/f2=0.6398(6) |beta w-Mt/beta 

t|=0.04980(7) dp/fw=1 .143[01 12 — ] Drawing 17 - drawing 20 are many aberration drawings of the 4th example. That is, drawing 

17 shows many aberration drawings [ in / for many aberration drawings in the infinite distance focus condition in a wide angle 

edge / in drawing 18 / the infinite distance focus condition in a tele edge ], respectively. Moreover, drawing 19 shows many 

aberration drawings [ in / for many aberration drawings in the point-blank range focus condition in a wide angle edge / in 

drawing 20 / the point-blank range focus condition in a tele edge ], respectively, each aberration drawing — setting — FNO — 

the f number — NA — numerical aperture — in Y, d shows d line (lambda= 587. 6nm), and g shows g line (lambda= 435.8nm) for 

image quantity, respectively. Moreover, in aberration drawing showing astigmatism, a continuous line shows the sagittal image 

surface and the dashed line shows the meridional image surface. 

[0113] When aberration drawing of drawing 17 is referred to, in a wide angle edge, it turns out that many aberration is amended 
good. Moreover, when aberration drawing of drawing 18 is referred to, also in a tele edge, it turns out like a wide angle edge that 
many aberration is amended good. On the other hand, when aberration drawing of drawing 19 is referred to, there is little short- 
distance aberration fluctuation in a wide angle edge, and it turns out that many aberration is amended good. Moreover, when 
aberration drawing of drawing 20 is referred to, also in a tele edge, like a wide angle edge, there is little short-distance 
aberration fluctuation and it turns out that many aberration is amended good. Thus, in the 4th example, it turns out that many 
aberration is amended good in each focal distance condition and each photography distance condition, and good optical- 
character ability is secured. 

[01 14] The [5th example] Drawing 21 is drawing showing the migration locus of each lens group in the lens configuration and 
variable power of the super-wide angle zoom lens concerning the 5th example of the 1st invention. In the super-wide angle 
zoom lens of drawing 21 , the 1st lens component L1 1 of the 1st lens group G1 consists of a compound-die negative meniscus 
aspheric lens which consists of compound with the glass material and resin material with which the convex was turned to the 
body side, and the field by the side of an image was formed in the shape of the aspheric surface sequentially from the body side, 
and a negative meniscus lens which turned the convex to the body side. Moreover, the 2nd lens component L12 of the 1st lens 
group G1 consists of cementation negative lenses which become order from the lamination of a biconvex lens and a biconcave 
lens from the body side. Furthermore, the 3rd lens component L13 of the 1st lens group G1 consists of biconvex lenses. 
[0115] Moreover, pre-group G2F of the 2nd lens group G2 consist of cementation positive lenses which consist of lamination of 
the negative meniscus lens and biconvex lens which turned the convex to the body side sequentially from a body side. 
Furthermore, back group G2R of the 2nd lens group G2 consists of cementation negative lens Ln which consists of lamination of 
a heavy-gage biconvex lens and a heavy-gage biconcave lens sequentially from a body side, a cementation positive lens which 
consists of lamination of the negative meniscus lens and biconvex lens which turned the convex to the body side, and a 
biconvex lens. 

[0116] in addition, the 2nd — aperture-diaphragm S arranges between lens group pre-group G2F and 2nd lens ****** G2R — 
having — the 2nd lens group G2 — fixed drawing SF is arranged immediately at the image side. Although aperture-diaphragm S 
moves in one with the 2nd lens group G2 on the occasion of variable power, fixed drawing SF is always immobilization to the 
image surface, without moving on the occasion of variable power. Drawing 21 shows the lens arrangement in a wide angle edge. 
On the occasion of the variable power to a tele edge, once the 1st lens group G1 moves to an image side, it moves to a body 
side, and moves the 2nd lens group G2 to a body side so that the gap of the 1st lens group G1 and the 2nd lens group G2 may 
decrease, moreover — without aperture-diaphragm S moves on the occasion of the focus to a short-distance body from an 
infinite distance body — the 2nd — only lens group pre-group G2F move to an image side. 

[01 17] The value of the item of the 5th example is hung up over the following table (5). a table (5) — setting — f — a focal 
distance — FNO — the f number — 2omega — a field angle — beta — a photography scale factor — DO The table of the 
object point distance (distance which met the optical axis between the field by the side of a body and a body most) is carried 
out, respectively. Furthermore, nu shows [ the sequence of the lens side from the body side with which the field number met in 
the direction in which light advances ] the Abbe number for the refractive index [ as opposed to / in n / d / spacing / each / 
lens / r / d line (lambda= 587. 6nm) for radius of curvature (in the case of the aspheric surface, it is paraxial radius of 
curvature) ], respectively. It means that * mark in a table is the aspheric surface. 
[0118] 
[A table 5] 

An f= 17.5 - 34mmFNO=4.12 omega= 104.3 degrees - 65.3-degree side number r d nu n 1 58.6004 2.0000 45.37 1.796681 2 
24.0000 0.5000 56.34 1.495210 3* 17.0900 7.5000 4 53.7499 1.8000 43.35 1.840421 5 19.9462 8.0000 6 183.3053 8.500045.87 
1.548139 7-26.74902.0000 43.35 1.840421 8 76.6578 0.1000 947.6972 6.5000 28.56 1.795040 10 -68.0225 (d10= adjustable) 11 
32.3394 1.3000 45.37 1.796681 1220.6.276 4.5000 60.23 1.518350 13 -181.9377 (d13= adjustable) 14 infinity 0.8000 (aperture- 
diaphragm S) 

15 30.1722 22.0000 58.90 1.518230 16 -22.3432 1.3000 37.35 1.834000 17 60.9862 0.6500 18 404.8091 1.3000 40.90 1.796310 19 
23.5377 6.5000 70.41 1.487490 20 -23.0581 0.1000 21 99.27713.0000 70.41 1.487490 22 -75.8640 (d22= adjustable) 23 infinity 
40.99343 (fixed drawing SF) 
(Aspheric surface data) 

kappa C3 C4 3 page 0.0284 - 0.89864X10-5 9.88100x10-7 C6 C8 C10 - 2.94210X10-8 1.65270x10-11 1.59070x10-14 C12 C14 
C16 -0.19552x10-15 0.44553x10-18 -0.32044x10-21 (variable spacing in an infinite distance focus condition) 
Wide angle edge Middle Tele edge f 17.50000 24.00000 34.00000D0 infinity infinity infinity d10 32.41649 14.78200 0.81802d13 
3.66918 3.66918 3.66918d22 0.00000 10.15979 25.79025 (variable spacing in a point-blank range focus condition) 
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Wide angle edge Middle Tele edge beta -0.05990 -0.09259 -0.13128 DO 261.2193 231.2966 233.1086d10 35.25649 17.62200 
3.65802d13 0.82918 0.82918 0.82918d22 0.00000 10.15979 25.79025 (value corresponding to conditional expression) 
(1) C3 =-0.89864x10-5(2) kappa=0.0284(3) |fasp|/fw=2.093(4) |f1 |/(fw-ft)1/2 =1.107(5) |f 1 |/f2=0.6398(6) |beta w-Mt/beta 
t|=0.04636(7) dp/fw=1.257[01 19 — ] Drawing 22 - drawing 25 are many aberration drawings of the 5th example. That is, drawing 
22 shows many aberration drawings [ in / for many aberration drawings in the infinite distance focus condition in a wide angle 
edge / in drawing 23 / the infinite distance focus condition in a tele edge ], respectively. Moreover, drawing 24 shows many 
aberration drawings [ in / for many aberration drawings in the point-blank range focus condition in a wide angle edge / in 
drawing 25 / the point-blank range focus condition in a tele edge 1 respectively, each aberration drawing — setting — FNO — 
the f number — NA — numerical aperture — in Y, d shows d line (lambda= 587. 6nm), and g shows g line (lambda= 435.8nm) for 
image quantity, respectively. Moreover, in aberration drawing showing astigmatism, a continuous line shows the sagittal image 
surface and the dashed line shows the meridional image surface. 

[0120] When aberration drawing of drawing 22 is referred to, in a wide angle edge, it turns out that many aberration is amended 
good. Moreover, when aberration drawing of drawing 23 is referred to, also in a tele edge, it turns out like a wide angle edge that 
many aberration is amended good. On the other hand, when aberration drawing of drawing 24 is referred to. there is little short- 
distance aberration fluctuation in a wide angle edge, and it turns out that many aberration is amended good. Moreover, when 
aberration drawing of drawing 25 is referred to, also in a tele edge, like a wide angle edge, there is little short-distance 
aberration fluctuation and it turns out that many aberration is amended good. Thus, in the 5th example, it turns out that many 
aberration is amended good in each focal distance condition and each photography distance condition, and good optical- 
character ability is secured. 

[0121] Next, the internal-focusing zoom lens concerning each example of the 2nd invention consists of a 1st lens group G1 
which has negative refractive power, and a 2nd lens group G2 which has positive refractive power sequentially from the body 
side. And the 1st lens group G1 consists of a 1st lens component L1 1 which has negative refractive power, a 2nd lens 
component L12 which has negative refractive power, and a 3rd lens component L13 which has positive refractive power 
sequentially from the body side, on the other hand — the 2nd lens group G2 — the order from a body side — the 2nd — it 
consists of lens group pre-group G2F and 2nd lens ******G2R. In addition, 2nd lens ****** G2R consists of a lens component 
LR 1 and a lens component LR 2 which has positive refractive power sequentially from the body side. 

[0122] the distance (the amount of sags) which the aspheric surface set the height of a direction perpendicular to an optical 
axis to y, and met the optical axis from the tangential plane of the top-most vertices of the aspheric surface in height y to the 
aspheric surface in each example of the 2nd invention — S (y) — carrying out — the radius of curvature (top-most-vertices 
radius of curvature) of criteria — R — carrying out — a constant of the cone — kappa — carrying out — the n-th aspheric 
surface coefficient — Cn ** — it is expressed with the following formulas (f) when it carries out. 
[Equation 6] 

S (y) =(y2 / R)/(1+(1-kappa-y 2 / R2) 1 / 2} 

+ C2, y2+C4, y4+C6. y6+C8 and y8+C10, y10 +C12. y12+C14. y14+C16 and y16+C18, y18 (f) 

In addition, it sets in each example of the 2nd invention, and is the secondary aspheric surface coefficient C 2. Since it is 0, the 
top-most-vertices radius of curvature and paraxial radius of curvature of the aspheric surface are in agreement. Hereafter, in 
each example, * mark is given to the aspheric surface on the right-hand side of the field number. 

[0123] The [6th example] Drawing 26 is drawing showing the migration locus of each lens group in the lens configuration and 
variable power of the interna I -foe using zoom tens concerning the 6th example of the 2nd invention. In the internal-focusing 
zoom lens of drawing 26 , the 1st lens component L11 of the 1st lens group G1 consists of negative meniscus aspheric lenses 
with which the convex was turned to the body side and the field by the side of an image was formed in the shape of the 
aspheric surface. Moreover, the 2nd lens component L12 of the 1st lens group G1 consists of cementation negative lenses 
which consist of lamination of a biconcave lens and the positive meniscus lens which turned the convex to the body side 
sequentially from a body side. Furthermore, the 3rd lens component L13 of the 1st lens group G1 consists of biconvex lenses. 
[0124] Moreover, pre-group G2F of the 2nd lens group G2 consist of cementation positive lenses which consist of lamination of 
the negative meniscus lens and biconvex lens which turned the convex to the body side sequentially from a body side. 
Furthermore, the lens component LR 1 in back group G2R of the 2nd lens group G2 consists of cementation positive lenses 
which consist of lamination of a heavy-gage biconvex lens and a heavy-gage biconcave lens sequentially from a body side. 
Moreover, the lens component LR 2 in back group G2R of the 2nd lens group G2 consists of a cementation positive lens which 
becomes order from the lamination of a biconcave lens and a biconvex lens, and a biconvex lens from the body side. 
[0125] in addition, the 2nd — aperture -diaphragm S arranges between lens group pre-group G2F and 2nd lens ****** G2R — 
having — the 2nd lens group G2 — fixed drawing SF is arranged immediately at the image side. Although aperture-diaphragm S 
moves in one with the 2nd lens group G2 on the occasion of variable power, fixed drawing SF is always immobilization to the 
image surface, without moving on the occasion of variable power. Drawing 26 shows the lens arrangement in a wide angle edge. 
On the occasion of the variable power to a tele edge, once the 1st lens group G1 moves to an image side, it moves to a body 
side, and moves the 2nd lens group G2 to a body side so that the gap of the 1st lens group G1 and the 2nd lens group G2 may 
decrease, moreover — without aperture- diaphragm S moves on the occasion of the focus to a short-distance body from an 
infinite distance body — the 2nd — only lens group pre-group G2F move to an image side. 

[0126] The value of the item of the 6th example is hung up over the following table (6). a table (6) — setting — f — a focal 
distance — FNO — the f number — 2omega — a field angle — beta — a photography scale factor — DO The table of the 
object point distance (distance which met the optical axis between the field by the side of a body and a body most) is carried 
out, respectively. Furthermore, nu shows [ the sequence of the lens side from the body side with which the field number met in 
the direction in which light advances ] the Abbe number for the refractive index [ as opposed to / in n / d / spacing / each / 
lens / r / d line (lambda= 587.6nm) for radius of curvature (in the case of the aspheric surface, it is paraxial radius of 
curvature) ], respectively. It means that * mark in a table is the aspheric surface. 
[0127] 
[A table 6] 

An f= 17.5 - 34mmFNO=4.12 omega= 104.5 degrees - 64.9-degree side number r d nu n 1 48.5189 3.5000 40.90 1.796310 2* 
14.7970 14.0000 3 -103.2099 2.0000 49.45 1.772789 4 23.6655 6.9000 82.52 1.497820 5 56.4962 3.8000 6 46.8694 5.000025.48 
1.730378 7-187.1566 (d7 = adjustable) 8 67.1852 1.5000 45.37 1.796681 9 34.7148 4.0000 58.90 1.518230 10 -83.4611 (d10= 
adjustable) 11 infinity 1.0000 (aperture-diaphragm S) 

12 29.7664 26.7527 58.90 1.518230 13 -21.4891 1.3000 37.35 1.834000 14 385.1452 2.2000 15 -188.5713 1.3000 37.35 1.834000 
16 26.9405 5.0000 70.41 1.487490 17 -25.3197 0.1000 18 131.2987 3.0000 64.10 1.516800 19 -53.0910 (d19= adjustable) 20 
infinity 43.75909 (fixed drawing SF) 
(Aspheric surface data) 

kappa C2 C4 2 page -0.3952 0.00000 3.10530x10-5 C6 C8 C10 2.33870x10-8 3.75930x10-11 -2.78560x10-13 C12 C14 C16 
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0.11063x10-150.66748x10-17 -0.14271x10-19 C18 -0.11584x10-24 (variable spacing in an infinite distance focus condition) 
Wide angle edge Middle Tele edge f 17.50000 24.00000 34.00000D0 infinity infinity infinity d7 31.74827 14.27276 0.43467d10 
3.30535 3.30535 3.30535d19 -0.26459 10.59298 27.29694 (variable spacing in a point-blank range focus condition) 
Wide angle edge Middle Tele edge beta -0.06831 -0.08860 -0.11404 DO 229.6064 245.5819 274.1 155d7 34.39827 16.92276 
3.08467d10 0.65535 0.65535 0.65535d19 -0.26459 10.59298 27.29694 (value corresponding to conditional expression) 
(8)f2 F/fw=5.714(9) |f 1 |/f2=0.599 (10) (rc+rb)/(rc-rb)=0.599 (11) |beta w-Mt/beta t|=0.558 (12) ra/rb=1.205 (13) dp/fw=1.529 
[0128 — ] Drawing 27 - drawing 30 are many aberration drawings of the 6th example. That is, drawing 27 shows many 
aberration drawings [ in / for many aberration drawings in the infinite distance focus condition in a wide angle edge / in drawing 
28 / the infinite distance focus condition in a tele edge ], respectively. Moreover, drawing 29 shows many aberration drawings 
[ in / for many aberration drawings in the point-blank range focus condition in a wide angle edge / in drawing 30 / the point- 
blank range focus condition in a tele edge ], respectively, each aberration drawing — setting — FNO — the f number — NA — 
numerical aperture — in Y, d shows d line (lambda= 587. 6nm), and g shows g line (lambda= 435.8nm) for image quantity, 
respectively. Moreover, in aberration drawing showing astigmatism, a continuous line shows the sagittal image surface and the 
dashed line shows the meridional image surface. 

[0129] When aberration drawing of drawing 27 is referred to, in a wide angle edge, it turns out that many aberration is amended 
good. Moreover, when aberration drawing of drawing 28 is referred to, also in a tele edge, it turns out like a wide angle edge that 
many aberration is amended good. On the other hand, when aberration drawing of drawing 29 is referred to, there is little short- 
distance aberration fluctuation in a wide angle edge, and it turns out that many aberration is amended good. Moreover, when 
aberration drawing of drawing 30 is referred to, also in a tele edge, like a wide angle edge, there is little short-distance 
aberration fluctuation and it turns out that many aberration is amended good. Thus, in the 6th example, it turns out that many 
aberration is amended good in each focal distance condition and each photography distance condition, and good optical- 
character ability is secured. 

[0130] The [7th example] Drawing 31 is drawing showing the migration locus of each lens group in the lens configuration and 
variable power of the internal-focusing zoom lens concerning the 7th example of the 2nd invention. In the internal-focusing 
zoom lens of drawing 31 , the 1st lens component L1 1 of the 1st lens group G1 consists of negative meniscus lenses with which 
the convex was turned to the body side and the field by the side of an image was formed in the shape of the aspheric surface. 
Moreover, the 2nd lens component L12 of the 1st lens group G1 consists of cementation negative lenses which consist of 
lamination of a biconcave lens and the positive meniscus lens which turned the convex to the body side sequentially from a 
body side. Furthermore, the 3rd lens component L13 of the 1st lens group G1 consists of biconvex lenses. 

[0131] Moreover, pre-group G2F of the 2nd lens group G2 consist of cementation positive lenses which consist of lamination of 
the negative meniscus lens and biconvex lens which turned the convex to the body side sequentially from a body side. 
Furthermore, the lens component LR 1 in back group G2R of the 2nd lens group G2 consists of cementation negative lenses 
which consist of lamination of a heavy-gage biconvex lens and a heavy-gage biconcave lens sequentially from a body side. 
Moreover, the lens component LR 2 in back group G2R of the 2nd lens group G2 consists of a cementation positive lens which 
consists of lamination of the negative meniscus lens and biconvex lens which turned the convex to the body side sequentially 
from a body side, and a biconvex lens. 

[0132] in addition, the 2nd — aperture-diaphragm S arranges between lens group pre-group G2F and 2nd lens ****** G2R — 
having — the 2nd lens group G2 — fixed drawing SF is arranged immediately at the image side. Although aperture-diaphragm S 
moves in one with the 2nd lens group G2 on the occasion of variable power, fixed drawing SF is always immobilization to the 
image surface, without moving on the occasion of variable power. Drawing 31 shows the lens arrangement in a wide angle edge. 
On the occasion of the variable power to a tele edge, once the 1st lens group G1 moves to an image side, it moves to a body 
side, and moves the 2nd lens group G2 to a body side so that the gap of the 1st lens group G1 and the 2nd lens group G2 may 
decrease, moreover — without aperture-diaphragm S moves on the occasion of the focus to a short-distance body from an 
infinite distance body — the 2nd — only lens group pre-group G2F move to an image side. 

[0133] The value of the item of the 7th example is hung up over the following table (7). a table (7) — setting — f — a focal 
distance — FNO — the f number — 2omega — a field angle — beta — a photography scale factor — DO The table of the 
object point distance (distance which met the optical axis between the field by the side of a body and a body most) is carried 
out, respectively. Furthermore, nu shows [ the sequence of the lens side from the body side with which the field number met in 
the direction in which light advances ] the Abbe number for the refractive index [ as opposed to / in n / d / spacing / each / 
lens / r / d line (lambda^ 587.6nm) for radius of curvature (in the case of the aspheric surface, it is paraxial radius of 
curvature) ], respectively. It means that * mark in a table is the aspheric surface. 
[0134] 
[A table 7] 

An f= 17.5 - 34mmFNO=4.12 omega= 104.4 degrees - 64.9-degree side number r d nu n 1 44.9028 2.0000 40.90 1.796310 2* 
15.0169 15.0000 3 -83.3430 2.5000 49.45 1.772789 4 22.0645 6.9000 82.52 1.497820 5 63.9119 3.8000 6 47.9602 5.000025.48 
1.730378 7-163.1975 (d7 = adjustable) 8 34.1077 1.5000 45.37 1.796681 9 23.0656 5.0000 64.10 1.516800 10 -93.5777 (d10= 
adjustable) 11 infinity 1.0000 (aperture-diaphragm S) 

12 29.7891 20.0000 54.55 1.514540 13 -22.2629 1.3000 37.35 1.834000 14 66.0998 2.2000 15 591.3002 1.3000 37.35 1.834000 16 
22.5487 6.0000 82.52 1.497820 17 -25.9792 0.1000 18 125.3855 3.0000 64.10 1.516800 19 -65.7170 (d19= adjustable) 20 infinity 
39.64647 (fixed drawing SF) 
(Aspheric surface data) 

kappa C2 C4 2 page -0.2964 0.00000 2.83480x10-5 C6 C8 C10 1.09290x10-8 1.05840x10-10 -3.52100x10-13 C12 C14 C16 - 
0.63326x10-160.69109x10-17 -0.17384x10-19 C18 0.77240x10-23 (variable spacing in an infinite distance focus condition) 
Wide angle edge Middle Tele edge f 17.50000 24.00000 34.00000D0 infinity infinity infinity d7 30.70578 14.06641 0.89044d10 
3.43119 3.43119 3.43119d19 -0.63682 9.70125 25.60597 (variable spacing in a point-blank range focus condition) 
Wide angle edge Middle Tele edge beta -0.04752 -0.08688 -0.13290 DO 333.3899 246.8854 229.1921d7 33.35578 16.71641 
3.54044d10 0.78119 0.78119 0.781 19d1 9 -0.63682 9.70125 25.60597 (value corresponding to conditional expression) 
(8) f2 F/fw=3.429(9) |fl|/f2=0.6287 (10) (rc+rb)/(rc-rb)=0.546 (1 1) |beta w-Mt/beta t|=0.00894 (12) ra/rb=1.333 (13) 
dp/fw=1 143[0135 — ] Drawing 32 - drawing 35 are many aberration drawings of the 7th example. That is, drawing 32 shows 
many aberration drawings [ in / for many aberration drawings in the infinite distance focus condition in a wide angle edge / in 
drawing 33 / the infinite distance focus condition in a tele edge ]. respectively. Moreover, drawing 34 shows many aberration 
drawings [ in / for many aberration drawings in the point-blank range focus condition in a wide angle edge / in drawing 35 / the 
point-blank range focus condition in a tele edge ], respectively, each aberration drawing — setting — FNO — the f number — 
NA — numerical aperture — in Y, d shows d line (!ambda= 587. 6nm), and g shows g line (lambda= 435.8nm) for image quantity, 
respectively. Moreover, in aberration drawing showing astigmatism, a continuous line shows the sagittal image surface and the 
dashed line shows the meridional image surface. 
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[0136] When aberration drawing of drawing 32 is referred to, in a wide angle edge, it turns out that many aberration is amended 
good. Moreover, when aberration drawing of drawing 33 is referred to, also in a tele edge, it turns out like a wide angle edge that 
many aberration is amended good. On the other hand, when aberration drawing of drawing 34 is referred to, there is little short- 
distance aberration fluctuation in a wide angle edge, and it turns out that many aberration is amended good. Moreover, when 
aberration drawing of drawing 35 is referred to, also in a tele edge, like a wide angle edge, there is little short-distance 
aberration fluctuation and it turns out that many aberration is amended good. Thus, in the 7th example, it turns out that many 
aberration is amended good in each focal distance condition and each photography distance condition, and good optical- 
character ability is secured. 

[0137] The [8th example] Drawing 36 is drawing showing the migration locus of each lens group in the lens configuration and 
variable power of the internal-focusing zoom lens concerning the 8th example of the 2nd invention. In the internal-focusing 
zoom lens of drawing 36 , the 1st lens component L11 of the 1st lens group G1 consists of negative meniscus lenses with which 
the convex was turned to the body side and the field by the side of an image was formed in the shape of the aspheric surface. 
Moreover, the 2nd lens component L12 of the 1st lens group G1 consists of cementation negative lenses which consist of 
lamination of a biconcave lens and the positive meniscus lens which turned the convex to the body side sequentially from a 
body side. Furthermore, the 3rd lens component L13 of the 1st lens group G1 consists of biconvex lenses. 

[0138] Moreover, pre-group G2F of the 2nd lens group G2 consist of cementation positive lenses which consist of lamination of 
the negative meniscus lens and biconvex lens which turned the convex to the body side sequentially from a body side. 
Furthermore, the lens component LR 1 in back group G2R of the 2nd lens group G2 consists of cementation positive lenses 
which consist of lamination of a heavy-gage biconvex lens and a heavy-gage biconcave lens sequentially from a body side. 
Moreover, the lens component LR 2 in back group G2R of the 2nd lens group G2 consists of a cementation positive lens which 
consists of lamination of the negative meniscus lens and biconvex lens which turned the convex to the body side sequentially 
from a body side, and a biconvex lens. 

[0139] in addition, the 2nd — aperture -diaphragm S arranges between lens group pre-group G2F and 2nd lens ****** G2R — 
having — the 2nd lens group G2 — fixed drawing SF is arranged immediately at the image side. Although aperture-diaphragm S 
moves in one with the 2nd lens group G2 on the occasion of variable power, fixed drawing SF is always immobilization to the 
image surface, without moving on the occasion of variable power. Drawing 36 shows the lens arrangement in a wide angle edge. 
On the occasion of the variable power to a tele edge, once the 1st lens group G1 moves to an image side, it moves to a body 
side, and moves the 2nd lens group G2 to a body side so that the gap of the 1st lens group G1 and the 2nd lens group G2 may 
decrease, moreover — without aperture-diaphragm S moves on the occasion of the focus to a short-distance body from an 
infinite distance body — the 2nd — only lens group pre-group G2F move to an image side. 

[0140] The value of the item of the 8th example is hung up over the following table (8). a table (8) — setting — f — a focal 
distance — FNO — the f number — 2omega — a field angle — beta — a photography scale factor — DO The table of the 
object point distance (distance which met the optical axis between the field by the side of a body and a body most) is carried 
out, respectively. Furthermore, nu shows [ the sequence of the lens side from the body side with which the field number met in 
the direction in which light advances ] the Abbe number for the refractive index [ as opposed to / in n / d / spacing / each / 
lens / r / d line (lambda= 587.6nm) for radius of curvature (in the case of the aspheric surface, it is paraxial radius of 
curvature) ], respectively. It means that * mark in a table is the aspheric surface. 
[0141] 
[A table 8] 

An f=17.5-34mmFNO=4.3 - 4.22 omega= 104.6 degrees - 64.9-degree side number r d nu n 1 44.4743 2.0000 40.90 1.796310 2* 
14.8240 15.0000 3 -100.9884 2.5000 49.45 1.772789 4 20.7090 10.0000 82.52 1.497820 5 44.9016 2.6665 6 40.1401 4.5000 25.48 
1.730378 7-258.8822 (d7 = adjustable) 8 38.2112 1.5000 45.37 1.796681 9 23.5648 5.0000 54.55 1.514540 10 -99.8075 (d10= 
adjustable) 11 infinity 1.0000 (aperture-diaphragm S) 

12 29.7330 20.0000 58.90 1.518230 13 -23.5477 1.3000 37.35 1.834000 14 91.7769 1.8765 15 1041.8602 1.3000 37.35 1.834000 
16 23.4104 6.0000 82.52 1.497820 17 -26.1402 0.1000 18 634.9730 3.0000 58.90 1.518230 19 -50.0191 (d19= adjustable) 20 
infinity 45.65899 (fixed drawing SF) 
(Aspheric surface data) 

kappa C2 C4 2 page -0.4864 0.00000 3.37280x10-5 C6 C8 C10 2.00990x10-8 2.18430x10-11 -2.42790x10-13 C12 C14 C16 
0.11587x10-150.62023x10-17 -0.13676x10-19 C18 -0.63440x10-24 (variable spacing in an infinite distance focus condition) 
Wide angle edge Middle Tele edge f 17.50000 24.00000 34.00000DO infinity infinity infinity d7 29.24496 13.55638 1.13328d10 
3.76471 3.76471 3.76471d19 -0.39682 11.04277 28.64216 (variable spacing in a point-blank range focus condition) 
Wide angle edge Middle Tele edge beta -0.07598 -0.11042 -0.15270 DO 203.2484 192.1448 198.8771d7 31.89496 16.20638 
3.78328d10 1.11471 1.11471 1.11471d19 -0.39682 11.04277 28.64216 (value corresponding to conditional expression) 
(8) f2 F/fw=4.083(9) |f1 |/f2=0.568 (10) (rc+rb)/(rc-rb)=0.732 (11) |beta w-Mt/beta t|=0.1209 (12) ra/rb=1.119 (13) dp/fw=1.143 
[0142 — ] Drawing 37 - drawing 40 are many aberration drawings of the 8th example. That is, drawing 37 shows many 
aberration drawings [ in / for many aberration drawings in the infinite distance focus condition in a wide angle edge / in drawing 
38 / the infinite distance focus condition in a tele edge ], respectively. Moreover, drawing 39 shows many aberration drawings 
[ in / for many aberration drawings in the point-blank range focus condition in a wide angle edge / in drawing 40 / the point- 
blank range focus condition in a tele edge ], respectively, each aberration drawing — setting — FNO — the f number — NA — 
numerical aperture — in Y, d shows d line (lambda= 587.6nm). and g shows g line (lambda= 435.8nm) for image quantity, 
respectively. Moreover, in aberration drawing showing astigmatism, a continuous line shows the sagittal image surface and the 
dashed line shows the meridional image surface. 

[0143] When aberration drawing of drawing 37 is referred to, in a wide angle edge, it turns out that many aberration is amended 
good. Moreover, when aberration drawing of drawing 38 is referred to, also in a tele edge, it turns out like a wide angle edge that 
many aberration is amended good. On the other hand, when aberration drawing of drawing 39 is referred to, there is little short- 
distance aberration fluctuation in a wide angle edge, and it turns out that many aberration is amended good. Moreover, when 
aberration drawing of drawing 40 is referred to, also in a tele edge, like a wide angle edge, there is little short-distance 
aberration fluctuation and it turns out that many aberration is amended good. Thus, in the 8th example, it turns out that many 
aberration is amended good in each focal distance condition and each photography distance condition, and good optical- 
character ability is secured. 

[0144] The [9th example] Drawing 41 is drawing showing the migration locus of each lens group in the lens configuration and 
variable power of the internal-focusing zoom lens concerning the 9th example of the 2nd invention. In the internal-focusing 
zoom lens of drawing 41 , the 1st lens component L1 1 of the 1st lens group G1 consists of negative meniscus lenses with which 
the convex was turned to the body side and the field by the side of an image was formed in the shape of the aspheric surface. 
Moreover, the 2nd lens component L12 of the 1st lens group G1 consists of cementation negative lenses which consist of 
lamination of a biconcave lens and the positive meniscus lens which turned the convex to the body side sequentially from a 
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body side. Furthermore, the 3rd lens component L13 of the 1st lens group G1 consists of biconvex lenses. 

[0145] Moreover, pre-group G2F of the 2nd lens group G2 consist of cementation positive lenses which consist of lamination of 
a biconvex lens and the negative meniscus lens which turned the concave surface to the body side sequentially from a body 
side. Furthermore, the lens component LR 1 in back group G2R of the 2nd lens group G2 consists of cementation positive 
lenses which consist of lamination of a heavy-gage biconvex lens and a heavy-gage biconcave lens sequentially from a body 
side. Moreover, the lens component LR 2 in back group G2R of the 2nd lens group G2 consists of a cementation positive lens 
which becomes order from the lamination of a biconcave lens and a biconvex lens, and a positive meniscus lens which turned 
the concave surface to the body side from the body side. 

[0146] in addition, the 2nd — aperture -diaphragm S arranges between lens group pre-group G2F and 2nd lens ****** G2R — 
having — the 2nd lens group G2 — fixed drawing SF is arranged immediately at the image side. Although aperture-diaphragm S 
moves in one with the 2nd lens group G2 on the occasion of variable power, fixed drawing SF is always immobilization to the 
image surface, without moving on the occasion of variable power. Drawing 41 shows the lens arrangement in a wide angle edge. 
On the occasion of the variable power to a tele edge, once the 1st lens group G1 moves to an image side, it moves to a body 
side, and moves the 2nd lens group G2 to a body side so that the gap of the 1st lens group G1 and the 2nd lens group G2 may 
decrease, moreover — without aperture-diaphragm S moves on the occasion of the focus to a short-distance body from an 
infinite distance body — the 2nd — only lens group pre-group G2F move to an image side. 

[0147] The value of the item of the 9th example is hung up over the following table (9). a table (9) — setting — f — a focal 
distance — FNO — the f number — 2omega — a field angle — beta — a photography scale factor — DO The table of the 
object point distance (distance which met the optical axis between the field by the side of a body and a body most) is carried 
out, respectively. Furthermore, nu shows [ the sequence of the lens side from the body side with which the field number met in 
the direction in which light advances ] the Abbe number for the refractive index [ as opposed to / in n / d / spacing / each / 
lens / r / d line (lambda= 587. 6nm) for radius of curvature (in the case of the aspheric surface, it is paraxial radius of 
curvature) ], respectively. It means that * mark in a table is the aspheric surface. 
[0148] 
[A table 9] 

An f= 17.5 - 34mmFNO=4.12 omega= 104.6 degrees - 64.9-degree side number r d nu n 1 63.5433 2.0000 40.90 1.796310 2* 
14.8611 15.0000 3 -224.3822 2.5000 40.90 1.796310 4 23.2147 5.5000 67.87 1.593189 5 45.2317 0.1000 6 34.5553 6.000023.82 
1.846660 7-298.4830 (d7 = adjustable) 8 62.5759 3.0000 64.10 1.516800 9 -51.6827 1.5000 33.89 1.803840 10 -67.4387 (d10= 
adjustable) 11 infinity 1.0000 (aperture -diaphragm S) 

12 27.7437 15.0000 64.10 1.516800 13 -21.1372 2.0000 45.37 1.796681 14 105.0802 4.2078 15 -133.5323 1.3000 33.89 1.803840 
16 22.9670 5.0000 64.10 1.516800 17 -23.3925 0.1000 18 - 1024.1634 3.0000 58.50 1.651599 19 -53.6833 (d19= adjustable) 20 
infinity 36.60502 (fixed drawing SF) 
(Aspheric surface data) 

kappa C2 C4 2 page -0.3106 0.00000 2.81720x10-5 C6 C8 C10 8.89610x10-9 9.66190x10-11 -2.58970x10-13 C12 C14 C16 - 
0.20357x10-150.51096x10-17 -0.12392x10-19 C18 0.10282x10-22 (variable spacing in an infinite distance focus condition) 
Wide angle edge Middle Tele edge f 17.50000 24.00000 34.00000D0 infinity infinity infinity d7 34.45358 15.73604 0.91446d10 
3.69123 3.69123 3.691 23d1 9 3.51182 12.24667 25.68490 (variable spacing in a point-blank range focus condition) 
Wide angle edge Middle Tele edge beta -0.04289 -0.06933 -0.09957 DO 373.6911 316.3166 314.4714d7 37.10358 18.38604 
3.56446d10 1.04123 1.04123 1.04123d19 3.51182 12.24667 25.68490 (value corresponding to conditional expression) 
(8) f2 F/fw=3.943(9) |f 1 |/f2=0.744 (10) (rc+rb)/(rc-rb)=0.7925 (11) |beta w-Mt/beta t|=0.0243 (12) ra/rb=1.309 (13) dp/fw=0.857 
[0149 — ] Drawing 42 - drawing 45 are many aberration drawings of the 9th example. That is, drawing 42 shows many 
aberration drawings [ in / for many aberration drawings in the infinite distance focus condition in a wide angle edge / in drawing 
43 / the infinite distance focus condition in a tele edge ], respectively. Moreover, drawing 44 shows many aberration drawings 
[ in / for many aberration drawings in the point-blank range focus condition in a wide angle edge / in drawing 45 / the point- 
blank range focus condition in a tele edge ], respectively, each aberration drawing — setting — FNO — the f number — NA — 
numerical aperture — in Y, d shows d line (lambda= 587. 6nm), and g shows g line (lambda= 435.8nm) for image quantity, 
respectively. Moreover, in aberration drawing showing astigmatism, a continuous line shows the sagittal image surface and the 
dashed line shows the meridional image surface. 

[0150] When aberration drawing of drawing 42 is referred to, in a wide angle edge, it turns out that many aberration is amended 
good. Moreover, when aberration drawing of drawing 43 is referred to, also in a tele edge, it turns out like a wide angle edge that 
many aberration is amended good. On the other hand, when aberration drawing of drawing 44 is referred to, there is little short- 
distance aberration fluctuation in a wide angle edge, and it turns out that many aberration is amended good. Moreover, when 
aberration drawing of drawing 45 is referred to, also in a tele edge, like a wide angle edge, there is little short-distance 
aberration fluctuation and it turns out that many aberration is amended good. Thus, in the 9th example, it turns out that many 
aberration is amended good in each focal distance condition and each photography distance condition, and good optical- 
character ability is secured. 
[0151] 

[Effect of the Invention] according to [ as explained above ] the 1st invention of this invention — 2 — it covers to the super- 
wide angle field which has a large field angle of omega= 107.8 degrees - 65.4 degrees, and has an about 2.1 times as many 
variable power ratio as this, the f number has brightness called about 1 law by about 3.5-4 in each focal distance condition, a 
configuration is simple, and manufacture is easy — the small highly efficient super-wide angle zoom lens which downsized can 
be attained, moreover — according to the 2nd invention of this invention — 2 — it covers to the super-wide angle field which 
has a large field angle of omega= 104.5 degrees - 64.9 degrees, and has a twice [ about ] as many variable power ratio as this, 
the f number has brightness called about 1 law by about 4 in each focal distance condition, a configuration is simple, and 
manufacture is easy — the small highly efficient internal -foe using zoom lens which downsized can be attained. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1-This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the migration locus of each lens group in the lens configuration and variable power of the 
super-wide angle zoom lens concerning the 1st example of the 1st invention. 

[Drawing 2] They are many aberration drawings in the infinite distance focus condition in the wide angle edge of the 1st 
example. 

[Drawing 3] They are many aberration drawings in the infinite distance focus condition in the tele edge of the 1st example. 
[Drawing 4] They are many aberration drawings in the point-blank range focus condition in the wide angle edge of the 1st 
example. 

[Drawing 5] They are many aberration drawings in the point-blank range focus condition in the tele edge of the 1st example. 
[Drawing 6] It is drawing showing the, migration locus of each lens group in the lens configuration and variable power of the 
super-wide angle zoom lens concerning the 2nd example of the 1st invention. 

[Drawing 7] They are many aberration drawings in the infinite distance focus condition in the wide angle edge of the 2nd 
example. 

[Drawing 8] They are many aberration drawings in the infinite distance focus condition in the tele edge of the 2nd example. 
[Drawing 9] They are many aberration drawings in the point-blank range focus condition in the wide angle edge of the 2nd 
example. 

[Drawing 10] They are many aberration drawings in the point-blank range focus condition in the tele edge of the 2nd example. 
[Drawing 1 1] It is drawing showing the migration locus of each lens group in the lens configuration and variable power of the 
super-wide angle zoom lens concerning the 3rd example of the 1st invention. 

[Drawing 1 2] They are many aberration drawings in the infinite distance focus condition in the wide angle edge of the 3rd 
example. 

[Drawing 1 3] They are many aberration drawings in the infinite distance focus condition in the tele edge of the 3rd example. 
[Drawing 14] They are many aberration drawings in the point-blank range focus condition in the wide angle edge of the 3rd 
example. 

[Drawing 1 5] They are many aberration drawings in the point-blank range focus condition in the tele edge of the 3rd example. 
[Drawing 1 6] It is drawing showing the migration locus of each lens group in the lens configuration and variable power of the 
super-wide angle zoom lens concerning the 4th example of the 1st invention. 

[Drawing 1 7] They are many aberration drawings in the infinite distance focus condition in the wide angle edge of the 4th 
example. 

[Drawing 18] They are many aberration drawings in the infinite distance focus condition in the tele edge of the 4th example. 
[Drawing 19] They are many aberration drawings in the point-blank range focus condition in the wide angle edge of the 4th 
example. 

[Drawing 20] They are many aberration drawings in the point-blank range focus condition in the tele edge of the 4th example. 
[Drawing 21] It is drawing showing the migration locus of each lens group in the lens configuration and variable power of the 
super-wide angle zoom lens concerning the 5th example of the 1st invention. 

[Drawing 22] They are many aberration drawings in the infinite distance focus condition in the wide angle edge of the 5th 
example. 

[Drawing 23] They are many aberration drawings in the infinite distance focus condition in the tele edge of the 5th example. 
[Drawing 24] They are many aberration drawings in the point-blank range focus condition in the wide angle edge of the 5th 
example. 

[Drawing 25] They are many aberration drawings in the point-blank range focus condition in the tele edge of the 5th example. 
[Drawing 26] It is drawing showing the migration locus of each lens group in the lens configuration and variable power of the 
internal-focusing zoom lens concerning the 6th example of the 2nd invention. 

[Drawing 27] They are many aberration drawings in the infinite distance focus condition in the wide angle edge of the 6th 
example. 

[Drawing 28] They are many aberration drawings in the infinite distance focus condition in the tele edge of the 6th example. 
[Drawing 29] They are many aberration drawings in the point-blank range focus condition in the wide angle edge of the 6th 
example. 

[Drawing 30] They are many aberration drawings in the point-blank range focus condition in the tele edge of the 6th example. 
[Drawing 31] It is drawing showing the migration locus of each lens group in the lens configuration and variable power of the 
internal-focusing zoom lens concerning the 7th example of the 2nd invention. 

[Drawing 32] They are many aberration drawings in the infinite distance focus condition in the wide angle edge of the 7th 
example. 

[Drawing 33] They are many aberration drawings in the infinite distance focus condition in the tele edge of the 7th example. 
[Drawing 34] They are many aberration drawings in the point-blank range focus condition in the wide angle edge of the 7th 
example. 

[Drawing 35] They are many aberration drawings in the point-blank range focus condition in the tele edge of the 7th example. 
[Drawing 36] It is drawing showing the migration locus of each lens group in the lens configuration and variable power of the 
internal-focusing zoom lens concerning the 8th example of the 2nd invention. 

[Drawing 37] They are many aberration drawings in the infinite distance focus condition in the wide angle edge of the 8th 
example. 

[Drawing 38] They are many aberration drawings in the infinite distance focus condition in the tele edge of the 8th example. 
[Drawin g 39] They are many aberration drawings in the point-blank range focus condition in the wide angle edge of the 8th 
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example. 

[Drawing 40] They are many aberration drawings in the point-blank range focus condition in the tele edge of the 8th example. 
[Drawing 41] It is drawing showing the migration locus of each lens group in the lens configuration and variable power of the 
internal-focusing zoom lens concerning the 9th example of the 2nd invention. 

[Drawing 42] They are many aberration drawings in the infinite distance focus condition in the wide angle edge of the 9th 
example. 

[Drawing 43] They are many aberration drawings in the infinite distance focus condition in the tele edge of the 9th example. 
[Drawing 44] They are many aberration drawings in the point-blank range focus condition in the wide angle edge of the 9th 
example. 

[Drawing 45] They are many aberration drawings in the point-blank range focus condition in the tele edge of the 9th example. 

[Description of Notations] 

G1 The 1st lens group 

G2 The 2nd lens group 

G2F The 2nd lens group pre-group 

G2R The 2nd lens ****** 

L11 The 1st lens component in the 1st lens group 

L12 The 2nd lens component in the 1st lens group 

L13 The 3rd lens component in the 1st lens group 

LR1 Lens component in the 2nd lens group 

LR2 Positive lens component in the 2nd lens group 

S Aperture diaphragm 

SF Fixed drawing 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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